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1. INTRODUCTION 
This  c o n s t i t u t e s  t h e  F i n a l  Report under NASA Langley Research 
Center  Contrac t  NAS-1-12673 "Applicat ion o f  Remote Sensing 
Technology t o  Monitoring Mine Drainage Po l lu t ion .  " The program 
was performed i n  coopera t ion  wi th  t h e  Environmental P r o t e c t i o n  
Agency (EPA) O f f i c e s  o f  Water Programs and Research and Monitor- 
i ng, EPA Region 3 ,  EPA NERC Las Vegas and NASA Wallops S t a t i o n ,  
a s  w e l l  a s  va r ious  agencies  of  t h e  s t a t e s  of W e s t  V i rg in ia ,  
Mary land and Pennsylvania. 
The purpose of t h e  program was t o  i n v e s t i g a t e  t h e  u t i l i t y  
of combining d a t a  sensed remotely from s a t e l l i t e s  and a i r c r a f t  
wi th  those  obta ined by t r a d i t i o n a l  f i e l d  methods o f  s u r f a c e  
sampling, i n  a more e f f e c t i v e  approach t o  monitoring wa te r  pol-  
l u t i o n  caused by mining a c t i v i t i e s ,  b o t h  a c t i v e  and abandoned. 
The s p a r s e l y  s e t t l e d  reaches  of  t h e  upper Potomac River 
was s e l e c t e d  ac t h e  test  s i t e  (Figure  1). This  a r e a  o f f e r e d  
s e v e r a l  advantages; it is almost devoid of i n d u s t r y  except  c o a l  
mining, l e s sen ing  t h e  confusing e f f e c t s  of  o t h e r  c o n t r i b u t i n g  

pollution sources. Active teams of scientists live and work in 
the area who have provided data on the history, land use prac- 
tices, all ~lluting ageficies, and the effects of pollution. 
The scope of this program included: 
1. A survey of remote sensing data pertinent to loca- 
ting and monitoring sources of pollution resulting from 
surface and shaft mining operations. 
2. The obtaining and analysis of representative samples 
of the raw and processed data obtained during the survey. 
3. The formulation of plans and recommendations co 
demonstra" and optimize the data collection processes. 
The purpose of this progrm was to determine methods by 
which ERTS and aircraft remote sensing could be ctsed as a replace- 
ment for or supplement to traditional methods in monitoring coal 
mine pollution of the upper Potomac Basin. 
We have done sufficient work to determine that &ile 
remote sensing in no way obviates the need for traditional. grab 
sample monitoring, it can, indeed, provide a method for correlat- 
ing, refining, and making more efficient a total monitoring 
program. Limitations we have found include the high probability 
that the test site will be obscured by clouds or haze during an 
2. BACKGROUND 
I n  August 1973, Anibionics undertook t o  determine the r o l e  t h a t  
t h e  remote sens ing from t h e  Ear th  Resources Technology S a t e l l i t e  
(ERTS) and from a i r c r a f t  could s e r v e  i n  monitoring p o l l u t i o n  
r e s u l t i n g  from mining a c t i v i t i e s .  
The t e s t  s i t e  s e l e c t e d  was t h e  Drainage Basin of t h e  
North Branch o f  t h e  Potomac River ,  i n t o  whLch flow streams from 
West Vi rg in ia ,  Maryland and Pennsylvania.  The a r e a  has  es t imated  
r e s e r v e s  of approximately two b i l l i o n  t o n s  o f  c o a l  and is s u b j e c t  
t o  bo th  s u r f a c e  and subsurface  mining. The a r e a  i s  s p a r s e l y  
s e t t l e d  and a l n o s t  e n t i r e l y  i n  f o r e s t .  The ~ h y s i o g r a p h y  i s  
desc r ibed  i n  g r e a t e r  d e t a i l  i n   he fol lowing chap te r .  
The on ly  major induscry on the North Branch of  t h e  
Potomac River  i s  a paper  m i l l  i n  Luke, Maryland whose a l k a l i n e  
wastewater emptying i n t o  t h e  Potomac is l a r g e l y  n e u t r a l i z e d  by 
t h e  a c i d i c  mine wa te r s  coming downstream. 
I n  Task I, d a t a  w a s  ga the red  concerning land use, w a t e r  
samplifig, mine l o c a t i o n s  and types ,  f o r e s t  s p e c i e s  and assoc ia -  
t i o n s ,  a s  w e l l  a s  remote sensed d a t a  from ERTS and from an over-  
f l i g h t  of  t h e  test s i te  by t h e  NASA Wallops C-54 a i r c r a f t .  
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Task I1 c o n s i s t e d  of  o rgan iz ing  t h e s e  d a t a  and a s s o c i a t i n g  
t h e  f i n d i n g s  wi th  remote sens ing,  b o t h  a i r c r a f t  and s a t e l l i t e .  
Associa t ive  i n d i c a t i o n s  such a s  land use  p a t t e r n s  and v e g e t a t i v e  
s t r e s s  were sought i n  a t t empts  t o  l o c a t e  mine dra inage .  E f f o r t s  
i n  t h i s  d i r e c t i o n  were unsuccessful .  I t  was i n  t h e  performance of  
Task I1 t h a t  v a r i o u s  shades o f  "green" hues a t  the t r ea tment  
p l a n t  f o r  t h e  North Branch mine st Bayard, West V i r g i n i a  were 
noted by s t a t e  personnel  examining f a l s e  c o l o r  i n f r a r e d  a e r i a l  
photography w i t h  Ambionics employees. Subsequent searching of  t h e  
o t h e r  a i r c r a f t  images and not ing  t h e  green c o l o r  was done by t h e  
Anibionics team and compared w i t h  a v a i l d b l e  sampling da ta .  I n  - a l l  
c a s e s ,  t h e  s treams which appeared a s  green were in f luenced  by 
wa te r s  emanating from mines, p a r t i c u l a r l y  underground c o a l  mines. 
Attempts t o  employ s p e c t r a l  a n a l y s i s  wi th  ERTS images and t a p e s  
i n  a s i m i l a r  manner t o  i d e n t i f y  and monitor mine p o l l u t i o n  were ?ot 
success fu l .  I t  should be noted t h a t  t h e s e  s t reams were r a r e l y  
more than  t w c  ERTS p i c t u r e  elements  wide. 
Ambionics found t h a t  usage of ERTS imagery i n  monitoring 
s t r i p  mining a c t i v i t i e s  was much more rapi.d and a c c u r a t e  than  
methods p r e s e n t l y  employed. This  technique  i s  desc r ibed  i n  a  
fol lowing chapter .  
C e r t a i n  problems have o c c i ~ r r e d  and a r e  l i k e l y  t o  prove 
troublesome for  some time. 
Ordering and r e c e i v i n g  imagery from t h e  EROS Data Center ,  
Sioux F a l l s ,  South Dakota h a s  proven o v e r l y  time consuming and 
as response t o  r e c e n t  magazine a r t i c l e s  inc reases ,  t h i s  s i t u a t i o n  
may worsen. 
Computer compatible t a p e s  (CCT ' s)  a r e  d i f f  i c u l  t t o  o b t a i n  
a t  any t i m e ,  y e t  c o n t a i n  more d e t a i l e d  informat ion  than imagery. 
Once CCT's were obta ined,  a t tempts  w e r e  made wi th  two f:rms, GE 
and IBM Federa l  Systems P i v i s i o n  t o  process  and enhance s p e c t r a l  
d i f f e r e n c e s  between mine p o l l u t e d  wa te r  and unpol lu ted  s treams.  
The GE Image-100 system was plagued wi th  e l e c t r i c a l  
problems and l ack  o f  machine a v a i l a b i l i t y  a t  t h e  t i m e  t h e  t a p e s  
f i n a l l y  became a v a i l a b l e  made t h i s  approach n o t  f e a s i b l e .  
A c o n t r a c t  w a s  g iven by NASA-Langley Research t o  IBM. 
The r e s u l t s  of t h e  l i m i t e d  process ing  performed w e r e  indeterminate .  
3. DESCRIPTIOIJ OF THE TEST SITE 
A. Physioqraphy 
The a rea  under study, the  coa l  f i e l d s  of t h e  upper 
Potomac, includes severa l  drainage bas ins  i n  Pennsylvania, 
Maryland and W e s t  Virginia.  I n  t h i s  r epo r t  we s h a l l  concen- 
t r a t e  pr imari ly  on the  l a t t e r  two s t a t e s .  
The physiographic province of primary concern i s  t h e  
Allegheny Ridges and Valleys. Folded s t rong and weak s t r a t a  w i t h  
even-crested r idges  a r e  predominant over va l l eys  excepting t h e  
ea s t e rn  edge of t he  Alleghenys which f r o n t  on the  Valley o f  
Virginia. The folded nature  of  t he  rock s t r a t a  is the  r e s u l t  
of an upheaval i n  which a land r,-.ss on t h e  e a s t  was t h r u s t  west- 
ward aga ins t  t he  Appalachian geosyncline. 
The mountains thus  formed were l a t e r  eroded t o  a peneplain. 
This was followed by gen t l e  unwarping which had a marked e f f e c t  
upon drainage. Ridges were prodnced by the  r e s i s t ance  o f  sand- 
s tones  and conglomerates aga ins t  the  reduction agencies while a 
more rapid  reduction of the  limestones and sha . e s  formed the  
va l leys  . 
'L1'hesc r r ~ o ~ ~ n t a i n s  are a j ~ a r t  of  t h e  Appalachian Pla teau  
which inc ludes  most o f  West Vi rg in ia .  On t h e  western  border  t h e  
p la teau  reaches  e l e v a t i o n s  near  2,000 f e e t  i n  Tennesse', . . 
Kentucky whi le  i n  West V i r g i n i a  it a t t a i n s  a l t i t u d e s  o r e r  4,O , , 
f e e t .  
To t h e  sou th  a g r e a t  range composed o f  Allegheny and 
Allegheny Front  Mountains s t r e t c h e s  a long t h e  e a s t e r n  edge o f  t h e  
province.  I n  t h e  v i c i n i t y  o f  Spruce Knob, s t and ina  st 4,860 
f e e t  a s  t h e  h i g h e s t  p o i n t  i n  t h e  s t a t e ,  t h e  rarlge fo l lows t h e  
western border  o f  t h e  province. 
Both t h e  main and t r i b u t a r y  s t reams a r e  forced n o r t h  o r  
sou th  fol lowing t h e  t r end  uf t h e  mountains. The Cacapon River,  
South Branch, and North Branch flow northward a8 major t r i b u t a r i e s  
of  t h e  Potomac River. 
The Allegheny Bituminous Coal Area i s  a pact  o f  t h e  phy- 
s i o g r a p h i c  province,  occur r ing  around Grant . Tucker, Mineral  and 
Pres ton  c o u n t i e s  i n  West V i r g i n i a ,  G a r r e t t  and Allegheny c o u n t i e s  
i n  Maryland and extending i n t o  Pennsylvania.  Canaan Valley,  one 
o f  t h e  unique f e a t u r e s  o f  t h i s  a r e a  l ies  about s i x  m i l e s  w e s t  of 
Allegheny Front  Mountain i n  Tucker and Randolph c o u n t i e s  i n  West 
Vi rg in ia .  The c o a l  region h e r e  l ies  p r i m a r i l y  a t  two l e v e l s .  
The d iv id ing  p o i n t  i s  Allegheny Front  Mountain running nor theas t  
t o  southwest through t h e  region.  The e a s t e r n  s e c t o r  o f  t h e  c o a l  
producing s e r i e s  runs from 1500-2000 f e e t  a l t i t u d e  whi le  t h e  
western p o r t i o n  extends  over  4000 f e e t  i n  a l t i t u d e .  The s o i l s  
i n  a l l  c a s e s  a r e  p r i m a r i l y  erodable  and a c i d i c .  
The c o a l  bea r ing  seams a r e  a l l  Carboniferous and from t h e  
Pennsylvanian Series. There a r e  t h e  Allegheny, the Yonongahela 
and t h e  Conemaugh series wi th  t h e  lat ter  predominating. The 
Conemaugh i s  wholly confined t o  t h e  v a l l e y  and t r i b u t a r i e s  of  t h e  
North Branch of t h e  Potomac River. It outcrops  i n  an ex tens ive  
a r e a  having t h e  shape o f  a crude i s o s c e l e s  t r i a n g l e .  The t runcated  
apex i s  a t  Piedmont, W e s t  V i r g i n i a  w i t h  a width o f  about two 
mi les  and t h e  base  is  a t  t h e  headwaters of  t h e  Potomac ( F i  
Knob, West V i r g i n i a )  extending t o  t h e  o r i g i n a l  Stony River Dam. 
The n a t u r a l  vege ta t i tTe  a s s o c i a t i o n s  vary a t  t h e  two 
l e v e l s .  Eas t  o f  t h e  Allegheny Front ,  Oak and Oak Hickory f o r e s t  
predominates, whi le  on t h e  p la teau ,  b o r e a l  s p e c i e s  such a s  Spruce 
and Northern Hardwoods ( ~ i r c h ,  Beech, ~ a p l e  and  eml lock) a i e  most 
common. Marsh, bog, swamp and beaver  meadows extend over  l a r g e  
a r e a s  here.  
B. V e q e t a t i o n  
Mineral  and Grant  Count ies ,  West V i r g i n i a ,  l i e  e n t i r e l y  
w i t h i n  t h e  North Potomac Drainage Basin,  a long  w i t h  a sma l l  a r e a  
of  Tucker County. These a r e a s  c o n t r i b u t e  o v e r  s even ty  p e r c e n t  o f  
t h e  mine p o l l u t i o n  a s  it o c c u r s  i n  t h e  Nortn Branch. 
The p r i n c i p a l  t y p e s  of vege ta . t ive  cove r  w i t h i n  t h e  upper  
Potomac d r a i n a g e  a r e  Northern !Jardwoods, Cove Hardwoods, Red Oak, 
Hard Pine-Oak, Ches tnut  Oak, Aspen-Pin Cherry,  and Spruce (See 
map, F igu re  2 )  . 
Under n a t u r a l  c o n d i t i o n s  a l t i t u d e  and s o i l  m o i s t u r e  
1a. rgely de te rmine  t h e s e  t ypes .  S o i l  mo i s tu re  i n  t u r n  ~s a f f e c t e d  
b y  d i r e c t i o n  o f  s l o p e  and s o i l  c h a r a c t e r i s t i c s  ( p o r o s i t y ,  ha rd  pan, 
humus, etc. 1. 
The heddwaters  o f  t h e  Potomac is  c h a r a c t e r i z e d  by predomi- 
n a t l y  Northern FIardwoods a t  an a l t i t u d e  o f  3,000 - 4,000 2ee t .  
T h i s  area wk,ich h a s  undergone and is  9 t i l l  s u b j e c t  t o  s t r i p  mining,  
fire, and logging  i s  c h a r a c t e r i z e d  as second growth w i t h  t h e  l a r g e s t  
trees under 18 i n c h e s  DBH. 
A t  the h i g h e r  l e v e l s  o f  t h e  test s i te  i n  W e s t  V i r g i n i a  
( p a r t i c u l a r l y  Grant  County) t h e  s a c c e s s i o n a i  series f o r  Northern 
Hardwoods on  abandoned cr  c l e a r e a  l a n d s  is: 
h l u a ~ n c i z ~  C ( A P D W ~ O O ~  j H 4 e ~  PIME - 0 4 , ~  
, C O l l E  I ~ A R P W O O O S  A s P ~ f l -  P I M  CHERRY p m  
RED OAK [m 
Stage 1) Broom Sedge, bracken fern,  shrubby S t .  John's Wort 
Stage 2) Blackberry, Wild Raisen, Mountain Ash 
Stage 3 )  Beech, Yellow Birch, Kemlock, Sugar Maple, Red 
Maple 
The understoi-I-,. f o r  stage three cons is t s  of reproduction of 
the dominant specie., above and shrubs and woody vines chief ly  wild 
Grape, tireenbrier, wrtcn Hazel, Knoaoaezdron and Blackberry. This 
fo res t  type has J grea te r  var ie ty  of understory species than most 
other fores t  associations with the p o ~ s i b l e  exception of the  Red 
Oak type. Other associated shrubs found here a re  Hobble Bush, 
Wild Raisen, Arrow-wood, Spice Bush, Mountain Ash and Hercules 
Club. Northern Hardwoods are  not a s  productive of good stand 
density a s  other  s imi lar  associations (ex: Cove Hardwoods). 
While mature Northern Hardwoods have a grea t  many understory species,  
the number of stems is scant due t o  reduced l i g h t  requirements of 
the upper s tory accompanied by the ind i rec t  e f f e c t  of drainage and 
so i l s .  
In  terms of low l i g h t  requirements, the crown cover 
species of Northern Hardwoods a re  r e l a t ive ly  " to lerant"  meaning 
re l a t ive ly  l i t t l e  sunlight i s  required fo r  l i f e  and growth. A s  
a r e su l t ,  there is  l i t t l e  c luster ing of leaves a t  the ends of 
branches  s eek ing  s u n l i g h t .  The even d i s t r i b u t i o n  of  l e a v e s  
r e s u l t s  i n  g r e a t e r  da rkness  below. T h i s  i s  f u r t h e r  compounded by 
t h e  l a r g e  expans ion  o f  t h e  lower l e a v e s  i n  t h e  shade  a s  they  com- 
p e n s a t e  f o r  less s u n l i g h t  by c r e a t i n g  more s u r f a c e  a r e a .  This  
shades  o u t  an above normal amount o f  unde r s to ry .  
The h i g h  we l l -d ra ined  a r e a  t o  which t h e  Northern Ilardwoods 
a re  conf ined  i s  f e a t u r e d  by Podzol ic  s o i l s  o f  marked a c i d i t y  
which a l s o  a f f e c t s  t h e  u n d e r s t o r y  to  an  undetermined degree .  
A s  a p o i n t  o f  i n t e r e s t ,  Podzo l i c  s o i l s  a r e  c h a r a c t e r i z e d  
by an upper  l a y e r  which l e a c h e s  o u t  i r o n  and aluminum compounds; 
p r e c i s e l y  t h e  t y p e  of compoundr i n  t h e  mine w a t e r s  runn ins  t h r o ~ l g h  
t h i s  a r e a .  
Remnants of s p r u c e  f o r e s t s ,  decimated f o r  t h e  most p a r t  
by f i r e  and logging ,  o c c u r  between Cabin and Allegheny F r o n t  
Mountains w i t h  o f t e n  a heavy u n d e r s t o r y  o f  Rhododendron. When 
t h i s  f o r e s t  t y p e  h a s  been  burned,  a f i r e  sub-climax o f  Aspen-Pin 
Cherry comes i n .  Th i s  is t h e  v e g e t a t i v e  t y p e  around M t .  Storm 
Lake. The t r u n k s  a r e  u s u a l l y  less t h a n  6 i n c h e s  DBH and t h e  under- 
s t o r y  i s  s p a r s e  c o n s i s t i n g  almost e n t j r e l y  o f  t ree r e p r o d u c t i o n  
i n c l u d i n g  Aspen, Cherry,  Birch,  Maple and Hemlock. Broom Sedge 
p r o v i d e s  t h e  ground cover .  Large a r e a s  of t h i s  f o r e s t  have been 
c u t  down by b e a v e r  and e x t e n s i v e  b e a v e r  meadows a r e  c h a r a c t e r i s t i c  
w i t h  a c r e s  o f  s p i k e - l i k e  Aspen stumps. 
I n  ricll s o i l s  i n  s m a l l  pocke ta ,  p a r t i c u l a r l y  a long  t h e  
North Branch o f  t h e  Potomac River  i t s e l f ,  a Cove Iiardwoods type, 
w i t h  Y e l l o w  Pop la r  predominat ing,  is common. Black Birch, Cherry ,  
and Ilemlock a r e  i t s  a s s o c i a t e s .  An u n d e r s t o r y  o f  young trees, 
Dewberry, Blackbcr rv ,  Sumac, and Hazelnut ,  e x i s t s  i n  t h i s  a r e a .  
Apart. from formal  d e s i g n a t i o n s ,  throuyhout  t h e  e n t i r e  
W e s t  V i r g i n i a  p o r t i o n  o f  t h e  test  s i te ,  Red Oak (Acer liubra) w i l l  
be found, a l s o  Hickory (Carya Spp) . These t w o  tree s p e c i e s  become 
more p r e v a l e n t  i n  t h e  e a s t e r n  p o r t i o n  of t h e  tes t  s i t e  *.$here 
a l t i t u d e s  a r e  about  1 ,500  - 2,000 f e e t  lower a:;; t h e  Red Oak 
f o r e s t  t ype  beco~ncs dominant. Th i s  t y p e  is  t y p i f i e d  by Red Oaks, 
I i i cko r i e s ,  Ches tnut  and S c a r l e t  Oaks, and Yellow Pines .  ?he under- 
s t o r y  i s  more crowded t h a n  t h a t  o f  Northern IIardwoods b u t  a l s o  
c o n t a i n s  a p l e t h o r a  of s p e c i e s  which i n c l u d e  tree rep roduc t ion ,  
Blueber ry ,  Sumac, S a s s a f r a s ,  Crabapple ,  and Ilawthorne. 
Broom Sedge and f c r n s  predoininatc the  qround c o v e r  a t  
t h e s e  lowcr l e v e l s .  P a s t u r e  land  is much more common. Coal is  
n o t  mined i n  t h i s  area. Cleared  a r e a s  i n  t h e  h igh lands  w e s t  of 
t h e  Allegheny F ron t  a r e  s t r i p  mines,  s eed  and sedge we t l ands ,  and 
sphaqn~un-l ichens bog- l ike  a r e a s .  I n  summat i o n ,  t h e  v e s e t a t i o n  o f  
t h e  c o a l  producing a r e a s  r e p r e s e n t s  a s s o c i a t i o ~ ~ s  o f more n o r t h e r n  
a r e a s  ex t end ing  up i n t o  Canada and i s  unique i n  t h i s  r e s p e c t .  Of 
these ,  Northern Hardwoods, Spruce, Aspen-Pin Cherry and Cove 
Hardwoods a r e  t h e  most important .  A g r i c u l t u r a l  a r e a s  tend t o  be  
o f  t h e  row c r o p  types  w i t h  p a s t u r e  r e s t r i c t e d  t o  t h e  stream beds 
when it occurs .  
C. Veqetati-ve Stress 
There h a s  been no means devised  a s  y e t  by which subsur- 
f a c e  mining a c t i v i t i e s  and t h e i r  a s s o c i a t e d  p o l l u t i o n  (on l and)  
can be d e t e c t e d  and e a s i l y  p inpointed  by means o f  ERTS and a i r c r a f t  
imaqery. Because it apparen t ly  makes sense  t h a t  a c i d  poisoned 
land and wa te r  should cause  t a n g i b l e  harm t o  l o c a l  v e g e t a t i v e  
growth, t h e  i d e a  t h a t  " v e g e t a t i v e  s t r e s s "  could be  d e t e c t e d  on 
near  in f ra - red  remote imagery and t h e r e f o r e  c o n s t i t u t e  an ind ica -  
t i o n  of  o therwise  i n v i s i b l e  mining a c t i v i t i e s  i s  q u i t e  p l a u s i b l e .  
On paper  i t  makes sense  and some works on t h e  s u b j e c t ,  s p e c i f i c a l l y  
r e c e n t  i n v e s t i g a t i o n s  by Pennsylvania S t a t e  U n i v e r s i t y ' s  George J. 
1 McMurtry have s t a t e d  t h a t  under c e r t a i n  c o n d i t i o n s  i t  works. ~t 
i s ,  i n  essence ,  an i n t e r e s t i n g  theory  and i f  it  worked everywhere, 
would be most convenient .  I n  o u r  test  a r e a  i n  W e s t  V i r g i n i a  w e  
have n o t  y e t  found any evidence t o  i n d i c a t e  t h a t  i t  a p p l i e s .  
1 Telephone in terv iew,  Ned ~ e r a r d / ~ c ~ u r t r y  3/29/74; McMurtry's 
~ c u d i e s  i n d i c a t e  t h a t  i n  tests i n  t h e  Anthrac i t e  r eg ions  of Western 
Pennsylvania,  he has  de tec ted  i . so la ted  c a s e s  of a r e a s  up t o  two ERTS 
r e s o l u t i o n s  a c r o s s  conta in ing d e t e c t a b l e  v e g e t a t i v e  stress due t o  
a c i d  mine drainage.  Such i q s t a n c e s  seemed t o  be t h e  except ion  
r a t h e r  than t h e  r u l e ,  however. 
'I'hc reasons f o r  t h i s  f a i l .u re  a r e  manifold. Not the l e a s t  
of which is t h e  f a c t  t h a t  t h e  test  a r e a  i s  a  h igh ly  a t y p i c a l  
region e c o l o g i c a l l y ,  f o r  i t s  l a t i t u d e .  B r i e f l y ,  t h e  a r e a  has  a 
c l imate ,  f l a u r a  and fauna more t y p i c a l  of  Canada than of  l a r g e r  
c o a l  mining a r e a s  o f  West Virgin ia .  Therefore,  a l t e r a t i o n s  o f  
t h e  "norm" he re  might n o t  be e a s i l y  t r a n s f e r a b l e  t o  s t u d i e s  of  
a l t e r a t i o n  of t h e  v e g e t a t i v e  "norm" elsewhere i n  t h e  s t a t e .  
Furthermore, t h e  theory  runs  i n t o  some s u b s t a n t i a l  func- 
t i o n a l  d i f f i c u l t i e s  ?;id@ from a t y p i c a l i t y  i n  o u r  s p e c i f i c  test 
area.  F i r s t  of  a l l ,  t h e  s o i l s  o f  the s t a t e  a r e  a l r eady  n a t u r a l l y  
ac id  and consequently do n o t  suppor t  t y p i c a l l y  non-acid t o l e r a n t  
vege ta t ion .  Under t h e s e  cond i t ions ,  wi th  an a c i d i c  s o i l  which 
leaches  o u t  a c i d  compounds, anyc.observable i n s t a n c e s  o f  "vege- 
t a t i v e  s t r e s s "  due t o  mine d ra inage  would be most remarkable. 
Secondly, most s t u d i e s  on t h e  s u b j e c t  o f  " v e g e t a t i v e  s t r e s s "  
r e s u l t i n g  from ac id  mine p o l l u t i o n  i n  t h i s  a r e a  i n d i c a t e  t h a t  
vege ta t ion  i s  not  a f f e c t e d  beyond t e n  feet on e i t h e r  s i d e  o f  a  
p o l l u t e d  stream bank. Third ly ,  o u r  own i n v e s t i g a t b n s  were unable 
t o  r evea l  any v e g e t a t i v e  stress o u t s i d e  of  t h e  a c t u a l  wa te r s  of  
t h e  p o l l u t e d  streams, a  f a c t  which i s  t e s t i f i e d  t o  most e loquen t ly  
by t h e  photographs o f  Laurel  Run. 
D. Desc r ip t ion  of t h e  Drainage System and Acid P o l l u t i o n  Withi  .---. 11 I t  
Sources : The most s t r i k i n g  f e a t u r e  about a v a i l a b l e  
accura te  da ta  on t h i s  s u b j e c t  i s  t h e  l ack  of it. C e r t a i n l y  t h e  
importance of  t h e  headwaters of  t h e  Potomac River Basin deserves 
a l a r g e ,  d e t a i l e d ,  a c c u r a t e  ar.d cont inuously  updated assessement 
of t h e i r  phys ica l  c o n d i t i o n  and p o l l u t i o n  l e v e l s ,  but  such has  
not  been t h e  case .  The on ly  d e t a i l e d  summary of  t h e  a r e a ' s  
topography and geo log ica l  c o n f i g u r a t i o n s  was publ ished i n  1324 .  
Secondary sources  on t h e  e x t e n t  of a c i d  mine d ra inage  i n  t h e  
region a r e  voluminous, b u t  s c a n t  on s p e c i f i c  d e t a i l s ,  poor ly  
documented, and based on s t u d i e s  which a r e  n e a r l y  t e n  years  o ld .  
Ambionics has  b o l s t e r e d  i t s  own knowledge o f  t h e  s u b j e c t  
by f requent  in te rv iews  wi th  members of t h e  Maryland S t a t e  Depart- 
ment of Water Resources, and t h e  West V i r g i n i a  Department of 
Natura l  Resources. Undoubtedly, Ambionics has  a s  much c u r r e n t  
and d e t a i l e d  information on t h i s  s u b j e c t  a s  anyone, b u t  it m u s t  
be emphasized t h a t  comprehensive knowledge o f  e x i s t i n g  d a t a  cannot 
surmount t h e  problem o f  inadequate da ta  a v a i l a b l e .  
The information i n  t h i s  chap te r  should under l ine  t h i s  
problem. Sources w i l l  be provided f o r  s p e c i f i c  s t a t ements  t h a t  
a r e  made, and when a s  is  f r e q u e n t l y  t h e  case ,  d i f f e r e n t  sources  
d i sagree  on t h e  answer no te  w i l l  be made of  t h i s  a l s o .  
I n  e s sence ,  a f a i r l y  d e t a i l e d  p i c t u r e  o f  t h e  d r a i n a g e  
bas in  and i t s  topography can be p r e s e n t e d ,  b u t  a n  e q u a l l y  i n f o r -  
mative and r e l i a b l e  p i c t u r e  o f  t h e  a c i d  mine d r a i n a g e  problem i n  
t h e  a r e a  i s  imposs ib l e  t o  p rov ide .  
The River :  The t e s t  a r e a  (F iqu res  3 ,  4 ,  5 )  c o n t a i n s  
t h e  e n t i r e  North Branch o f  t h e  Potomac River  from i t s  hc-adwaters 
nea r  Kempton, Maryland, fo l lowing  i t s  e r r a t i c  n o r t h e a s t / s o u t h e a s t  
' 
z i g z a g  p a t t e r n  u n t i l  it merges w i t h  t h e  South  Branch t o  form t h e  ! 
I 
Potomac River  p r o p e r  n e a r  Oldstown, Maryland. The North Branch 
is  some 100 mi l e s  i n  l e n g t h  and i s  f ed  by o v e r  300 miles of 
t r i b u t a r y  s t r eams .  
Coal  mining h a s  been conducted i n  t h e  a r e a  f o r  c v e r  150 
y e a r s  w i t h  t h e  g r e a t e s t  l e v e l  o f  a c t i v i t y  be ing  reached  i n  1907. 
The coa l -bea r ing  a r e a  o f  t h e  North Branch b a s i n  l ies  i n  a con- 
t i n u o u s  trough-shaped v a l l e y  about  80 miles long ,  o r i e n t e d  i n  
a no r theas t - sou thwes t  d i r e c t i o n .  The North Branch f lows n o r t h e a s t  
through t h e  c e n t e r  o f  t h e  b a s i n  f o r  a lmos t  two- th i rds  o f  i t s  l e n g t h .  
The n o r t h e a s t  p a r t  o f  t h e  v a l l e y  i s  d r a i n e d  by Georgee Creek,  
which f lows southwes t  th rough t h e  c e n t e r  o f  t h e  v a l l e y  t o  j o i n  
t h e  North Branch a t  Wes te rnpor t .  The coa l -bea r ing  r eg ion  sou th -  
w e s t  of  Wes te rnpor t  is  known a s  t h e  Upper Potomac Coal  F i e l d .  
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The c o a l  reg ion  d r a i n e d  by Georges Creek,  Savaqc R ive r ,  and two 
smal l  t r i b u t a r i e s  o f  W i l l i s  Creek is  known a s  t h e  Georges Creek 
Coal F i e l d .  Coal  i s  mined from t h e  P i t t s b u r g h ,  Tyson, Bakerstown, 
Waynesburg, F r e e p o r t ,  and K i t t a n n i n g  c o a l  seams. Both s t r i p  and 
s h a f t  mining procedures  a r e  used and t h e  number o f  a c r e s  a f f e c t e d  
is i n  t h e  thousands.  Not s u r p r i s i n g l y ,  t h e  g r e a t e s t  s o u r c e  o f  
po l lu t i -on  i n  t h e  North Branch i s  mine a c i d  d ra inage .  I n  1966 
v i r t u a l l y  t h e  e n t i r e  North Branch was considekedl p o l l u t e d  by 
mine a c i d  and o v e r  170 miles o f  i t s  t r i b u t a r i e s  were a l s o .  
Eighty-onc p e r c e n t  of t h e  t o t a l  n e t  a c i d i t y  measured i n  t h e  
s t ream o r i g i n a t e d  i n  t h e  Upper Potomac Coal  F i e l d ,  two p e r c e n t  
i n  t h e  Georges Creek F i e l d ,  and seventeen  p e r c e n t  was unaccounted 
f o r .  
The amount o f  a c i d  p o l l u t i o n  is  tremendous ( F i g u r e  6 ) .  
I n  1966 an e s t i m a t e d  89,695 pounds o f  a c i d  per day was dumped i n t o  
t h e  North Branch through i t s  t r i b u t a r i e s .  The problem of  t h e  
a c i d  d r a i n a g e  i s  compounded by t h e  n a t u r a l  a c i d i t y  o f  t h e  w a t e r  
and t h e  l a c k  of n a t u r a l  a l k a l i n i t y  t o  n e u t r a l i z e  it. S h a l e s  and 
sands tones  c o n t a i n i n g  c o a l  and f i r e  c l a y s  dominate t h e  geology 
and t h e r e  i s  o n l y  one l imeatone  s t r a t u m  i n  t h e  Georges Creek wa te r -  
shed.  The pH o f  t h e  North Branch a t  i t s  s o u r c e  i s  n e a r  5.0 and 
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wi th  t h e  a d d i t i o n  o f  mine a c i d s  i t  become p r o q r e s s i v e l y  more 
s o u r  u n t i l  i t  r eaches  a  pH o f  around 3.0 a t  Kempton, Maryland. 
From t h a t  p o i n t  t h e  a d d i t i o n  o f  a l k a l i n e  i n d u s t r i a l  p o l l u t a n t s  
g r a d u a l l y  r a i s e s  t h e  pH u n t i l  it is nea r  normal when t h e  Ncrth  
and South Branches j o i n  a t  Oldstown. 
The T r i b u t a r i e s :  
O r i g i n  o f  t h e  North Branch, n e a r  Kempton, Maryland: 
The s t reams which feed  t h e  swamp know1 a s  "Kempton-Laurel", 
which s e r v e s  a s  t h e  o r i g i n  o f  t h e  North Branch o f  t h e  Potomac, 
flow down from t h e  r i d g e s  o f  Tucker ,  P r e s t ~ n ,  anu Grant  Count ies  
i n  West ~ i r g i n i a  a s  w e l l  a s  G a r r e t  County, Mary~dnd .  A t  Kempton 
t h e s e  combined t r i b u t a r i e s  were d i s c h a r g i n g  an t v e r a g e  o f  0 .2  
t o n s  of  a c i d  p e r  day i n  1966; t h i s  was less t h a n  on,e p e r c e n t  o f  
t h e  t o t a l  ave rage  a c i d  l oad  dumped i n t o  t h e  North Branch. Between 
t h i s  p o i n t  and S t e y e r ,  Maryland, ove r  two- th i rds  of t h e  t o t a l  
mine a c i d  dumped i n t o  t h e  Potomac h a s  a l r e a d y  been added. 
1. Dobbin Ridge Run - Thi s  1s t h e  f i r s t  named t r i b u t a r y  
t o  t h e  North Branch. I t  i s  l o c a t e d  a b o u t  f o u r  miles down r i v e r  
from Kempton. The s t r eam f a l l s  a  t o t a l  o f  400 f e e t  a s  it winds 
i t s  way down 2 .9  miles o f  Grant  County h i l l s i d e .  The s t r eam 
h a s  a  r a t e  o f  f a l l  o f  137.9 f e e t  per m i l e  and a d r a i n a g e  b a s i n  
o f  one squa re  m i l e .  Mine a c i d  i n  t h e  Dobbin Ridqe Run i s  pro-  
ce s sed  through an e x p e r i m e n t a l  n e u t r a l i z a t i o n  s t a t i o n  u t i l i z i n g  
l imes tone  drums. An ave rage  pH o f  3.2 h a s  been recorded  f o r  t h e  
stream* bu t  no o t h e r  d a t a  r e g a r d i n g  a c i d  l oad  o r  t h e  e f f e c t i v e -  
nes s  o f  t h e  n e n C r a l i z a t i o n  s t a t i o n  is  provided  by them o r  o t h e r  
sou rces .  
2 .  Elk Run - Based on 1966 f i g u r e s ,  t h i s  sma l l  s t r eam 
i s  t h e  s i n g l e  g r e a t e s t  p o l l u t e r  o f  t h e  North Branch. The Maryland 
and West V i r g i n i a  S t ~ l t e  a u t h o r i t i e s  c u r r e n t l y  ma in t a in  t h a t  t h e  
s i t u a t i o n  h a s  now changed and t h e  t i t l e  now be longs  i n c o n t e s t a b l y  
t o  B u f f a l o  Creek, l o c a t e d  f i v e  miles downstream. Neve r the l e s s  
t h e  c a s e  o f  Elk Run i s  an  i n t e r e s t i n g  one  and w a r r a n t s  f u r t h e r  
d e t a i l i n g .  Sepa ra t ed  from Dobbin Ridge Run by a  r i d g e  t h a t  
rises 1000 f e 7 t  between them, Elk  Run i s  l o c a t e d  i n  Grant  County, 
West V i r g i n i a .  It i s  2 . 7 9  m i l e s  long,  f a l l i n g  a t o t a l  o f  530 
f e e t  a t  a  r a t e  o f  189.96 f e e t  p e r  m i l e  b e f o r e  converg ing  w i t h  t h e  
Potomac. Wi th in  i t s  3.8 s q u a r e  m i l e  d r a i n a g e  b a s i n  a  c o a l y a r d  
and e x t e n s i v e  mining i s  main ta ined  by t h e  Alp ine  Coal  Company. 
I n  1966 f i g u r e s  l i s t , e d  b y  t h e  I n t e r i o r  Department gave t h e  s t r eam 
a  pH o f  2 . 8  a t  i t s  con f luence  w i t h  t h e  North Branch and a  mean 
n e t  a c i d i t y  c o n c e n t r a t i o n  o f  1 ,900  mg/l d e s p i t e  t h e  s t r e a m ' s  
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t r e a t m e n t  s t a t i o n .  Flows v a r i e d  from 1 .7  t o  3.3 c f s ,  b u t  t h e  
ave rage  n e t  a c i d i t y  was 12 tons/day. According t o  FWPCA's 
c a l c u l a t i o n s  t h i s  r e p r e s e n t e d  3 8  p e r c e n t  of  t h e  d a i l y  a c i d  l o a d  
dumped i n t o  t h e  North Branch. The 1973 MITRE r e p o r t ,  u s inq  
f i g u r e s  o f  ~ ~ n s p e c i f i e d  o r i g i n ,  s t a t e s  t h a t  Elk Run's ave rage  
pH i s  3.4 and t h a t  i t s  mean n e t  a c i d  l c a d  i s  35,700 pounds per 
day. 
According t o  t h e  W e s t  V i r g i n i a  Department o f  N a t u r a l  
Resources ,  t h e  s i t u a t i o n  a t  E5k Run h a s  changed d r a s t i c a l l y  
s i n c e  MITRE'S f i g u r e s  w e r e  c a l c u l a t e d .  Elk Run's s t r eam bed 
was d i v e r t e d  around t h e  s o u r c e s  o f  p o l l u t i o n  and d r a i n a g e  of  
mine a c i d  was d i v e r t e d  t o  Deacon Creek. New t r e a t m e n t  f a c i l i t i e s  
were i n s t a l l e d  and a l l e g e d l y  p o l l u t i o n  h a s  been d r a s t i c a l l y  
reduced u n t i l  r e c e n t l y .  A t  t h e  time of t h i s  w r i t i n g  (March 1974) 
t h e  s i t u a t i o n  a t  Elk Run h a s  t aken  a  t u r n  for t h e  worse.  The 
t r e a t m e n t  p l a n t  s u f f e r s  from c h r o n i c  breakdowns and c u r r e n t l y  
s e a l e d  mines i n  t h e  a r e a  have  f i l l e d  t o  n e a r  ground l e v e l  w i t h  
backed up a c i d  w a t e r  and a r e  d r a i n i n g  o u t  o f  numerous bo re  h o l e s .  
C u r r e n t l y  t h e r e  i s  no t r e a t m e n t  of t h e  mine was t e  i n  t h e  a r e a  
and t h e  mine runof f  is  p o l l u t i n g  both  Deacon Creek and E l k  Run. 
3 .  1,aure l   rut^ - Laure l  Run o r - i q i n a t e s  about  150 f e e t  
abovc an o l d  abandoned s t r i p  mine. A q u a r t e r  o f  a  mi l e  l a t e r  i t  
passe:: th rough t h e  s o u t h e r n  t i p  o f  t h e  niine on  i t s  way t o  t h e  
Potomac. T h i r t e e n  ni i les  l a t e r ,  a f t e r  f a l l i n g  2G0 f e e t  ( 2 0  f t / m i l ? )  
Laure l  Run enipt ics  a s i z e a b l e  a c i d  l oad  i l l to  t h e  North Branch. 
t h e  MITIIE r e p o r t  s t a t e s  t h a t  t h e  ave rage  ddil y l oad  is 12 ,300  
poun~l:: a n d  t h e  avt.1-acjc pII i s  3 . 4 .  The 1:WPCA repor t  s t a t e s  t h a t  
Lau re l  Run empt ies  4 . 9  t o n s  a  day and r eco rds  no pH l e v e l .  The 
mystery concerns  t h e  o r i g i n a l  s o u r c e  of a l l  t h i s  a c i d .  The 
p o l l u t i o n  appear-:; t o  conie iron1 the abandoned s t r i p  mine t h e  
s t reani  p a s s e s  t h rou~ l l l ,  bu t  Maryland S t a t e  a u t h o r i t i e s  b e l i e v e  
t h a t  t h e  a c t u a l  sou rce  is  a  s e a l e d  s h a f t  mine in  W e s t  V i r g i n i a ,  
which has  hacked up i t s  a c i d  w a t e r s  u : l t i l  f i n d i n q  an o u t l e t  i n  
t h e  o l d  s t r i p  mine. The FWPCA r e p o r t  g i v e s  a  s i m i l a r  accoun t ,  
bu t  no one seems t o  know f o r  sure. Ambionics h a s  pursued  t h i s  
q u e s t i o n  f u r t h e r  bu t  a s  y e t  w e  have been unable  t o  l o c a t e  any 
v e t e r a n  mine i n s p e c t o r s  from t h e  a r e a  who might shed  l i g h t  on 
t h e  problem. 
The a c i d  load  has  t u r n e d  t h e  s t r eam i n t o  a  " b i o l o g i c a l  
d e s e r t "  but  t o  t h e  layman t h e  s t r eam would appear  normal.  I t s  
reddish-brown s t a i n e d  streal11 bed is n o t  unusual  i n  an a r e a  
aboirl~rlin(l i n  i r on  o r e s ,  adtl t h e  odd poo l s  o f  g r e e n i s h  c o l o r e d  
: .c : t l  i r ~ t c s ~ l t  clo not  l o o k  t h a t  o u t  o f  p l a c e  ei: rler. Larqe  H e m ?  ock:; 
crowd t h e  1)anks w i t h  t h e i r  b r a n c h e s  h a n q i n g  o v e r  t h e  w a t r ~ r  and 
t h e  s p a c e s  between t h e  Ifemlocks are crowded w i t h  cottonwooc!s 
4. B u f f a l o  Creek  - b u f f a l o  C r e e k  is  n o t  very b i g ,  o n l y  
5.18 niiles l o n q  w i t h  a d r a i n a g e  a r e a  o f  10.0  miles; b u t  wh:.?t i t  
l a c k s  i n  sixe i t  c e r t a i n l y  makes u p  f o r  i n  p o l l u t i o n .  Near i t s  
s o u r c e  B i i f f a l o  Creek  c r o s s e s  s e v e r a l  s t r i p  and  a u g e r  m i n i n g  
p r o j e c t s  known j o i n t l y  a s  t h e  Nor th  Branch Mine. Was tewate r  i s  
purnpcd d i r e c t l y  tront t h e  mino i n t o  s c t t l i n q  p o o l s  which  form 
t h e  lxtsis o t  J t r c a t n l e n t  s t a t i o n .  Conling from p i p e s  i n  t h e  m i l e  
t h e  w a t e r  is ;I  c o a l  b l a c k ,  but  a f t e r  i n i t L a l  s e t t l i n g  and  t r e a t -  
ii\eklt i t  t u r n s  a  d e e p  ~iiuddy o r a n g e .  A f t e r  t r e a t m e n t  t h e  w a t e r  i s  
d r a i n e d  i n t o  I311 f fa  l o  C r e e k ,  s i ipposed ly  i n  less p o l l u t e d  c o n d i -  
t i o n .  A s  t h e  w a t e r  c r o s s e s  under  t h e  main s t reet  o f  Bayard  a  
few miles l a t e r  i t  i s  still c o l o r e d  a n  u n h e a l t h y  o r a n g e  ye l low.  
MITRE s t a t e s  t h a t  t:be avera f7e  p H  is 3 .2  and t h e  n e t  
a c i d  l o a d  i s  15,300 pounds p e r  day.  The WPCA r e p o r t  l i s t s  a  
n e t  I.oad of 1 . 5  tons a  day.  T h i s  is I lardl :  a  good s i t u a t i o n ,  
b u t  c u r r e n t  d a t a  o b t a i n e d  by A ~ n b i o n i c s  from t h e  West V i r q i n i a  
L)cpartmcnt c, t' N a t u r a l  Resotlrces i n d i c a t e s  t h a t  t h e  p rob lem is 
f a r  worse  i n  1974 t h a n  when MITRE and  WPCA o b t a i n e d  t h e i r  d a t a .  
When t h e  t r e a t n ~ e n t  p l a n t  i s  " torqued o u t "  o r  i n  a  s t a t e  o f  
d i s r e p a i r ,  which i s  a p p r a e n t l y  q u i t e  f r e q u e n t l y ,  no re? ? i r g p  
can be taken .  however, when t h e  p l a n t  i s  f u l l y  o p e r a t i o n a l  
t h u s  supposedly  p u r i f y i n g  t h e  w a t e r  t h e  r e a d i n q s  o b t a i n e d  a l ,  
q u i t e  s t a r t l i n g ,  F a l l  a c i d  l o a d s  seem t o  ave rage  arourn? 191 ,100  
p ~ u n d s  p e r  day b u t  t h e y  have been c a l c u l a t e d  a s  h i g h  a s  172,600 
pounds of a c i d  p e r  day,  w i t h  a  pH o f  3 . 9 .  Maryland and West 
V i r g i n i a  a u t h o r i t i e s  b e l i e v e  t h a t  t h e  Bayard Mine i s  now un- 
q u e s t i o n a b l y  t h e  g r e a t e s t  s i n g l e  p o l l u t e r  o f  t h e  North Branch, 
c o n t r i b u t i n q  a s  mush a s  50 p e r c e n t  o f  t h e  t o t a l  p o l l u t i o n  i n  t h e  
a r e a .  
5. S tony  River  - The Stony  River  was, u n t i l  ab3ut  t e n  
y e a r s  ago, one o f  t h e  f i n e s t  t rout  s t r eams  i n  t h e  s t a t e  o f  West 
Virg i r l i a .  I t  o r i g i n a t e s  abou t  twenty m i l e s  t o  t h e  s o u t h e a s t  
of t h e  North Branch ' s  headwaters  a t  Kempton and a f t e r  rneanderinq 
n o r t h  through twenty- f ive  and a  q u a r t e r  miles of West V i r g i n i a  
co i ln t rys idc  i t  f i n a l l y  j o i n s  t h e  North Branch below S t e y e r ,  
Maryland, o r  about  e i g h t  miles upstream from B u f f a l o  C r e e k ' s  
con f luence  w i t h  t h e  r i v e r .  S tony  River  i s  a  f a i r l y  l a r g e  s t ream 
for t h i s  p a r t  o f  t h e  c o u n t r y ,  ove r  twen ty - f ive  miles long  w i t h  
a t o t a l  f a l l  o f  1,655 f e e t  g iv ing  it an average f a l l  o f  65.54 
f e e t  per  mile.  I t  i s  a  r a t h e r  s w i f t  flowing r i v e r  and once 
provided coo l ,  h i g h l y  oxygenated wa te r s  t o  suppor t  a  t h r i v i n g  
Appalachian stream eco-system. 
When t h e  1967 FWPCA r e p o r t  was made t h e i r  sources  
i n d i c a t e d  t h a t  smal l  mining opera t ions  had begun nea r  t h e  North 
Branch Stony River  confluence and t h a t  some 0.8 t o n s  o f  a c i d  
p e r  day was e n t e r i n g  t h e  stream. The 1967 FWPCA r e p o r t  s t i l l  
maintained t h a t  t r o u t  could be found throughout much o f  t h e  
Stony River. I n  t h e  mid-s ix t i e s  a g i a n t  VEPCO power p l a n t  was 
b u i l t  near  t h e  R i v e r ' s  headwaters a t  M t .  Storm Lake by t h e  Stony 
River Dam. When t h e  MITRE r e p o r t  w a s  made t h e  VEX0 p l a n t  was 
i n  opera t ion  b u t  no mention i s  made of  it o r  i t s  a t t e n d a n t  
p o l l u t i o n ;  however, mining p o l l u t i o n  was l i s t e d  a t  4,500 pounds 
p e r  day of  a c i d  and t h e  r i v e r  had an  average pH of  3.2. According 
t o  ground obse rva t ion  by Arnbionics' personnel ,  and v e r i f i e d  by 
a i r c r a f t  in f ra - red  p i c t u r e s ,  t h e  Stony River appears  q u i t e  
p o l l u t e d  from t h e  VEPCO p lan  on down t o  t h e  North Branch. The 
River appeared t o  be ano the r  " b i o l o g i c a l  d e s e r t "  and assuming 
t h e  MITRE f i q u r e s  o f  an average pH of  3.2 a r e  c o r r e c t ,  it i s  
doub t fu l  i f  anything i s  l i v i n g  i n  t h e  Stony River.  
6. Abram Crc?ek - Abram Creek i s  a compara t ive ly  y o u t h f u l  
s t r eam w i t h  h i g h  banking c l i f f s  and no s i g n i f i c a n t  bottom l and .  
I t s  l e n g t h  t r a v e r s e s  18.79 m i l e s  i n  West V i r g i n i a  b e f o r e  j o i n i n g  
t h e  North Branch above K i t z m i l l e r ,  Maryland, and abou t  a m i l e  
and a h a l f  downstream from where Stony River  meets t h e  North 
Branch. I t s  t o t a l  f a l l  o f  1 ,565  f e e t  and f a l l  r a t e  o f  83.23 f e e t  
p e r  m i l e  make it a compara t ive ly  s w i f t  f lowing  major  t r i b u t a r y .  
The FWPCA r e p o r t  s t a t e s  t h a t  Abram Creek c o n t r i b u t e s  
4.2 t o n s  p e r  day  n e t  a c i d i t y  t o  t h e  North Branch o r  roughly  1 3  
p e r c e n t  of t h e i r  t o t a l  a c i d  l o a d  f i g u r e s  f o r  t h e  r i v e r .  The 
major s o u r c e  o f  mine d r a i n a g e  i s  l o c a t e d  n e a r  t h e  headwaters  
a t  Bismarck, West V i r g i n i a ,  b u t  more i s  added by t r i b u t a r y  
s t r eams .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  FWPCA r e p o r t  a c c o u n t s  
f o r  o n l y  3 . 9  t o n s  o f  t h e  d a i l y  a c i d  l o a d  and s t a t e s  t h a t  t h i s  
l o a d  i s  c o n s i d e r a b l y  d i l u t e d  by a l k a l i n i t y  from a n  u n i d e n t i f i e d  
s o u r c e  b e f o r e  r e a c h i n g  t h e  Potomac. 
The MITRE r e p o r t  f i g u r e s  s t a t e  t h a t  t h e  ave rage  a c i d  
l o a d  is 8,300 pounds p e r  day  and t h a t  i t s  pH i s  3.2, making it 
t h e  f o u r t h  g r e a t e s t  p o l l u t e r  o f  t h e  North Branch by t h e i r  s t a n d a r d s .  
Abram Creek i s  rough ly  s i m i l a r  i n  appearance  t o  S tony  
River  and i s  p robab ly  e q u a l l y  b a r r e n  c f  l i f e  forms. 
7. Three Forks Run - Three Forks Run is a r e l a t i v e l y  
s h o r t  s t ream (5.2 miles) running through Gar re t  County, Maryland, 
and -joining t h e  Potomac a few miles downstream from Abram Creek. 
I t s  t o t a l  f a l l  i s  1 ,340 f e e t  and t h e r e f o r e  cons ide r ing  i t s  s h o r t -  
n e s s  i t  is  q u i t e  s w i f t  (257.6 feet p e r  m i l e  average f a l l ) .  
The 1967 rFWPCA r e p o r t  d e s c r i b e s  Three Forks Run a s  
"crrossly p o l l u t e d "  by runoff  from n ines  and p o s s i b l y  from s p o i l  
piles i n  t h e  watershed. The r e p o r t  mentions t h a t  i n  August 1966 
a pH o f  1.8 was measured i n  t h e  run. N e t  a c i d  d i scharge  is  l i s t e d  
a s  1.0 tons  p e r  day. 
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  MITRE r e p o r t  g ives  
no more than a pass ing  n o t i c e  t o  Three Forks Run, mentioning 
t h a t  i t s  average pH is 3.2. Considering t h a t  t h i s  "g ross ly  
p o l l u t e d "  t r i b u t a r y  w i l l  be emptying i t s  a c i d  waste j u s t  upstream 
o f  t h e  proposed Bloomington Dam t h e  Report s t u d i e d ,  t h i s  omission 
is  most remarkable. 
8. Deep Run - L i t t l e  information i s  a v a i l a b l e  about  
Deep Run, o t h e r  than  t h e  f a c t  t h a t  it has  been r a t h e r  p o l l u t e d  
by a c i d  d ra inage  60r over  t e ?  years .  I t  is l o c a t e d  e i g h t  miles 
downstream from Abram Creek on t h e  West V i r g i n i a  s i d e ,  is 5.67 
miles long,  wi th  a  t o t a l  f a l l  o f  1 ,420 f e e t  and an s.verage f a l l  
o f  250.44 f e e t  p e r  mile. I ts  d ra inage  b a s i n  i s  9.7 square  milee. 
The FWPCA r e p o r t  s t a t e s  t h a t  t h e  s t r eam i s  m i l d l y  
p o l l u t e d  and a c t u a l l y  c o n t a i n s  some l i v i n g  organisms,  mos t ly  
microbes.  N e i t h e r  EWPCA n o r  MITRE g i v e s  any a c i d  l oad  d a t a ,  
b u t  t h e  MITRE r e p o r t  s t a t e s  t h a t  t h e  ave rage  pH i s  3.2, h a r d l y  
i n a i c a t i v e  o f  "mild p o l l u t i o n . "  
9. E l k l i c k  Run - E l k l i c k  Run is a sma l l  Maryland 
s t r eam (3.85 miles) which j o i n s  t h e  North Branch about  a m i l e  
downstream from Shaw, W e s t  V i r g i n i a ,  and adds a s m a l l  l o a d  o f  
a c i d  t o  it. The FWPCA r e p o r t  s t a t e s  t h a t  t h e  c o n t r i b u t i o n  i s  
0.3 t o n s  a day  n e t  a c i d i t y  and t h e  MITRE r e p o r t  l i s t s  a l o a d  o f  
340 pounds a day and an ave rage  o f  3 .2 .  
10. Piney Swamp Run - Piney  Swamp Run i s  c u r r e n t l y  
c o n s i d e r e d  one o f  t h e  major p o l l u t e r s  o f  t h e  North Brancy by 
t h e  r e g i o n a l  a u t h o r i t i e s ,  b u t  no c u r r e n t  f i g u r e s  have y e t  been 
r eaeased  t o  Ambionics. The s t r eam i s  l o c a t e d  i n  West V i r g i n i a  
n e a r  Hampshire. I t  is 5.47 miles long,  w i t h  a t o t a l  f a l l  o f  
1 , 5 6 0  f e e t ,  and a f a l l  r a t e  o f  285.19 f e e t  p e r  m i l e ,  making i t  
r a t h e r  s w i f t .  
Mining o p e r a t i o n s  i n  t h e  d r a i n a g e  b a s i n  a r e  conducted 
by t h e  M a s t e l l e r  Coal Company. MITRE l i s t s  t h e  ave rage  a c i d  
l oad  a s  3 ,200 pounds p e r  day and t h e  FWPCA r e p o r t  g i v e s  a s i m i l a r  
r e a d i n g  o f  1.3 t o n s  a da-V. N o  pH is r e g i s t e r e d .  
11. Savage River  - The Savage River  i s  one o f  t h e  
major r i v e r s  o f  Western Maryland, and one o f  t h e  few s o u r c e s  o f  
a l k a l i n i t y  i n  t h e  North Branch above t h e  Upper Potomac River  
Commission Waste Treatment  F a c i l i t y .  The source o f  a l k a l i n i t y  
is i n d u s t r i a l  p o l l u t i o n  a long  t h e  t r i b u t a r y  s t r eam o f  Aaron Run, 
which d i s c h a r g e s  a n e t  l o a d  o f  0.8 t o n s  a  day o f  a l k a l i n e  
subs t ances .  The e f f e c t  o f  t h i s  amount o f  a l k a l i  does  n o t  
s i g n i f i c a n t l y  r a i s e  t h e  pH of  t h e  North Branch. Above t h e  
con f luence  o f  t h e  Savage R ive r  w i t h  Aaron Run, t h e  r i v e r ' s  w a t e r s  
a r e  r e l a t i v e l y  pure .  
12. Georges Creek - Georges Creek d r a i n s  some f i f t y  
s q u a r e  miles o f  t h e  Maryland c o u n t r y s i d e  b e f o r e  e n t e r i n g  t h e  
North Branch a t  Wes te rnpor t ,  Maryland. The FWPCA r e p o r t  s t a t e s  
t h a t  it i s  a  mi ld  p o l l u t e r ,  c o n t r i b u t i n g  a  n e t  l oad  o f  0.6 t o n s  
o f  a c i d  a  day, mos t ly  from abandoned s h a f t  mines a l o n g  i t s  banks. 
The MITRE r e p o r t ,  perhaps  because  t h e  s t r e a m  e n t e r s  t h e  North 
Branch below t h e  proposed dam s i t e ,  makes no mention o f  i t s  pH 
or a c i d  load.  The ICPRB r e p o r t  g i v e s  r e a d i n g s  o f  between 1.5 - 
3.5 f o r  1972. A report by Marks, S loan ,  and Vi.lla f o r  FWPCA i n  
1368, however, s t a t e s  t h a t  t h e  d a i l y  l o a d  v a r i e s  from 2,500 t o  
t o  37,000 pounds of ac id  per day. The median flow average i s  
20,000 pounds per  day ne t  a c i d i t y ,  making Georqes Creek one of 
t he  major p o l l u t e r s  of  t h e  North Branch. 
13. lJpper Potomac River Commission Waste Treatment 
F a c i l i t y  - According t o  t he  1968 FWPCA repor t  roughly 15,000 
pounds n e t  a l k a l i n i t y  is  dumped i n t o  the  North Branch from t h i s  
f a c i l i t y  downstream from Westernport, Maryland. Three miles 
downstream a t  Xeyser, West Vi rg in ia ,  pH values of  6 and '7 have 
been recorded i n  comparison t o  t h e  average of between 3.5 and 
4.0 a t  Westernport according t o  the  1967 FWPCA repor t .  
The source of t h e  a l k a l i n i t y  is believed t o  be pr imari ly  
waste mater ia l  from the  WESTVACO p lan t  a t  Luke. A t  one time 
t h i s  p l an t  emptied severa l  tons a day of waste lime i n t o  t h e  
North Branch a t  the  p l an t  s i t e  but  t h i s  p r a c t i c e  has been d i s -  
continued and the  lime is recycled by the  p lan t .  
While t he  River does not  achieve a p H  of 7.0 u n t i l  it 
reaches Paw Paw, Maryland, the  high a c i d i t y  l e v e l s  a r e  not 
again reached a f t e r  it passes the  UPRCWTF. 
14. Below Westernport t o  Oldstown - ?.ccording t o  the  
196G FWPCA repor t ,  W i l l i s  Creek, which e n t e r s  t h e  Potomac above 
Pinto, Maryland, is a source o f  s l i g h t  a c i d  drainage, but the  
1968 FWPCA report  says t h a t  t h i s  has ceased t o  be the case ,  and 
t h a t  o n l y  Braddock Run continues t o  contribute ac id  to the  
North Branch. Acidic  condit ions  have been observed o c c a s i o n a l l y  
a t  Pinto,  none have been recorded below Cumberland. 
SOURCES 
B a r a t a ,  R.: Cardenas,  J.; Golden, L. Thomas; An Assessment o f  
t h e  Imbacts  o f  Improved Water Q u a l i t y  I n  t h e  North Branch Potornac 
- -+--  - 
I t ivcr  3 a s i n ,  The Mitre Corpora t ion ,  December 1973. Sponsor ,  
COYi)S o f  Engineers ,  Ba l t imore  Distr ict .  D e t a i l e d  B ib l iog raphy  
i s  g i ~ c n ,  b u t  no f o o t n o t e s ;  it i s  be,&eved t h a t  wate-  q u a l i t y  
i n fo rma t ion  was d e r i v e d  from f i g u r e s  i n  a p r e v i o u s l y  p u b l i s h e d  
r e p o r t  by t h e  Maryland and West V i r g i n i a  S t a t e  a g e n c i e s  r e s p o n s i b l e  
f o r  such w ~ r k ,  perhaps  i n  t h e  m i d - s i x t i e s .  
Mark!;, SI.(>an and V.i l l a ,  ,Mine P r a i ~ l a q e  P o l l u t ~ o n  O F  tlie North 
' ? r a ~ l c h  of  t h c  I)otoluilc River  IOGO-68, ~ n t c r j m  l r c ~ m ~ ,  k'W18ZA, 
- - - - - _ . . -  ---- 
M i t l ~ l l c  Atll i intic:  ltc(jion, August 1960. Based on d d t d  fronl t11c 
Cl~csapeakc l. ic1.d S t a t i o n ,  t h e  Marylancl Department o f  Water 
I ~ e s o u r c e s ,  and t h e  West V i r g i n i a  Department of N a t u r a l  I ~ e s o u r c e s ,  
D i v i s i o n  o f  Water Resources.  
P o ~ o ~ ~ c  River  Water Q u a l i t y  Netwark, -- Water Year _ _ *  1972 I n t e r s t a t e  
C o m l l l i ~ ~ i o n  on the Potornac River  Basin.  Ba! ed on f i g u r e s  from 
moni tor ing  s t a t i o n s  i n  t h e  Nortll Branch and s e l e c t e d  t r i b u t a r i e s ,  
main ta ined  by t h e  Maryland Department o f  Water Resources  and t h e  
West V i r g i n i a  Department o f  N a t u r a l  Resources ,  D i v i s i o n  o f  
Watcr Resources.  
Rcgcr, David B., Tucker ,  R. C.; West V i r q i n i a  G e o l o g i c a l  Survey - 
Minera l  ana  -Grant Coun t i e s ,  1924, Prcpared  hy t h e  S t a t c  Geolor j i s t s  
--- 
Of Ei.cc; Morq~intown P r i n t i n g  and Binding Conpany, Morganto4dn. 
W. VII.  1924. 
Stream P o l l u t i o n b y  Coal  Mine Drainaqe i n  Appalacli ia,  U. S .  
--------- --- --... - -- 
Dcpartmcnt of t l ~ c  I n t e r i o r ,  F e d e r a l  Water P o l l u t i o n  C o n t r o l  
Admin i s t r a t i on ,  Ohio Bas in  Region, C i n c i n n a t i ,  Ohio; Prepared  
19G7 - r e v i s e d  1969. Sources  of In fo rma t ion :  FidPCA p r o j e c t s ,  
and d a t a  from t h e  Maryland Department o f  Water Resources  (1965)  
p l u s  o t h e r  u n l i s t e d  r e p o r t s .  
4. bETHODS AND ANALYSIS 
A t  t h e  i r x e p t i o n  o f  t h i s  program, Ambionics, Iqc, personnel  
researched a l l  known sources  of  mining records  and obta ined 
data  from t h e  U.S. Btlreau of  Mine's Mapping C e n t e r  a t  P i t t s b u r g h ,  
Pa. The Mapping Center  is  compiling a d a t a  base f o r  a l l  mines 
e a s t  of t h e  Miss i s s ipp i  River. This  process  i s  s t i l l  accumula- 
t i v e  and, a s  y e t ,  has  no t  reached a s t a g e  w!:?re accuracy can be 
checked. 
Another problem was t h a t  d a t a  f o r  t h a t  p a r t  of 
Pennsylvania wi th in  t h e  test  s i t e  was unavai lable .  
I n  t h e  company o f f i c e ,  t h e s e  d a t a  were p l o t t e d  on 
7030" topographic quadrangles ob ta ined  from t h e  U.S. Geologizal  
Survey. The corpora t ion  and mine name ( o r  number) were placed 
wi th  each l o c a t i o n .  
Recent land u s e  maps were sought f o r  t h e  t e s t  s i t e  
a t  Elk ins ,  West Vi rg in ia  (DNR) and College Park, Maryland (Md. 
Natural  Resources Inventory) .  None have been prepared  i n  many 
years .  
However, t h e  SCS was i n  t h e  process  o f  completing a 
land use s tudy  i n  West V i r g i n i a  and i n  e a r l y  1974 copies  were 
given t o  Ambionics. This  was be l i eved  ( a t  t h i s  w r i t i n g )  t o  have 
l i t t l e  d e t a i l .  
More d e t a i l e d  map! w e r e  sought even though of  e a r l i e r  
v in tage .  These w e r e  found a t  t h e  West V i r g i n i a  Geologica' Survey 
i n  Morgantown and a t  t h e  DNR o f f i c e  i n  Elkins .  
wa te r  sampling d a t a  were ob ta ined  from t h e  I n t e r s t a t e  
Commission on t h e  Potomac River Basin, t h e  Maryland Department 
of  Water Resources and t h e  West V i r g i n i a  Divis ion  o f  Water 
Resources. 
The I C P R B  had annual  summaries up through 1972, whi le  
t h e  S t a t e  Agencies possess  d a t a  a t  gauging s t a t i o n s  by d a t e s  
up t o  t h e  p reszn t .  S p e c i a l  a t t empts  t o  o b t a i n  d a t a  were made t o  
correspond t o  ERTS passage days and NASA a i r c r a f t  f l i g h t s .  
A l l  a v a i l a b l e  ERTS images of t h e  tes t  s i t e  showing t e n  
pe rcen t  cloud cover  o r  less w e r e  ob ta ined  and analyzed. Computer 
compatible t apes  of  t h e  May 16,  1973 ERTS p a s s  were ob ta ined  and 
s e n t  t o  IBM Federa l  Systems Div i s ioa ,  Gaithersburg,  Maryland 
f o r  a n a l y s i s  under a s e p 3 r a t e  NASA Langley c o n t r a c t .  
Analysis 
From data  received i n  Task I the  major po l lu t ion  sources 
i n  t he  upper Potomac were located on fa lse-color  infra-red 
a e r i a l  photography supplied by NASA Langley. A l l  occur i n  West 
Virginia .  While condit ions vary, the  biggest  offenders  i n  
terms of pounds of acid  per  day are :  
North Branch Mine - Bayard, West Virginia  
Alpine Mine - Henry, West Virginia  
*Laurel Run - Kempton, Maryland - West Virginia  
VEPCO Power P lan t  and associa ted mines - M t .  Storm 
Lake, west Virginia  
**~bram Creek - Grant and Mineral Countys, West Virginia  
Attempts t o  l oca t e  them on ERTS imagery were l a rge ly  
unsuccessful except f o r  t h e  VEPCO paant a t  M t .  Storm Lake and 
the  North Branch Mine a t  Bayard. The source of Laurel Run i s  
a l s o  v i s i b l e  on ERTS imagery. 
Surface mining a c t i v i t i e s  were examined i n  d e t a i l  i n  
Grant County, nor th  of  Stony River Dam using both ERTS and 
a i r c r a f t  imagery. The a i r c r a f t  imagery has been s tud ied  f o r  
*Source unknown 
**Many mines 
not  o n l y  d i r e c t  evidence 7f p o l l u t i o n  bu t  suppor t ive  s i g n a l s  
a s  wel l .  The results w i l l  be d i scussed  i n  t h e  f i n a l  s e c t i o n  
o f  t h i s  r e p o r t .  
U s e  o f  ERTS-1 Imagery and CCT's  t o  De tec t  S t r i p  Mining and i t s  
Attendant  Ecologica l  E f f e c t s  
Recent s i g n i f i c a n t  work i n  s t r i p  mine a n a l y s i s  has  been 
done by Robert H. Rogers and Larry  E. Reed o f  Bendix Aerospace 
Systems Divis ion ,  i n  Ann Arbor, and Wayne A. Pet ty john o f  t h e  
Geology Department a t  Ohio S t a t e  Univers i ty  i n  Columbus. T h e i r  
paper  "Automated Strip-Mine and Reclamation Mapping from ERTS" 
war ran t s  a d e t a i l e d  synopsis .  
I n  essence,  Rogers, Reed and Pet ty john mainta in  t h a t  
t h e i r  s t u d i e s  have proved t h a t  s t r i p  mining and i t s  a t t e n d a n t  
environmental damage car1 be  cont inuously  monitored on a  c o s t  
e f f e c t i v e  b a s i s  wi th  an accuracy o f  around 97%. This  is a  
marked improvement over  p r e s e n t  methods which employ ground 
obse rve rs  who cover  t h e  a r e a s  s p o r a d i c a l l y  wi th  r e s u l t s  of  varying 
accuracy. 
Thei r  t e s t  s i t e  was a h e a v i l y  s tr ip-mined a r e a  i n  e a s t -  
c e n t r a l  Ohio. Thei r  comments on p r e v i o u s l y  e x i s t i n g  d a t a  and 
impediments t o  secur ing  it o f f e r  a v a l i d  comment on s i m i l a r  
problems encountered by Ambionics s t a f f  members on t h i s  p r c j e c t .  
on s i te  examination o f  i n d i v i d u a l  mines, and p a r t i c u l a r -  
l y  o l d e r  mines, is  h indered  by (1) a l ack  o f  adequate 
mine map coverage; ( 2 )  deeply  eroded, nonex i s t en t ,  o r  
blocked access  roads ;  ( 3 )  l a c k  of  a c c u r a t e  o r  adequate 
r ecords ;  (4 )  t h e  g r e a t  t o t a l  s i z e  o f  t h e  s t r i p g e J  a r e a ;  
( 5 )  s t r i p  mine rec lamat ion  p i a n t i n q  a long roads t h a t  
obscures ad jacen t  ba r ren  land;  and ( 6 )  da ted  a e r i a l  
photographic coverage. 
Various agencies  i n  t h e  Ohio S t a t e  Government c o l l e c t  
c e r t a i n  types  o f  c o a l  mining da ta .  There i s ,  however, 
l i t t l e  o r  no coord ina t ion  between agenc ies ;  automatic  
d a t a  process ing  i s  nonex i s t en t  and va r ious  f i l i n g  
systems approach t h e  chao t i c .  Consequently, r e p o r t s  
a v a i l a b l e  t o  the p u b l i c  a r e  s e v e r e l y  da ted ,  commonly 
i n a c c u r a t e ,  and d i f f i c u l t  t o  acqu i re .  
Examination o f  st r e r a l  water  q u a l i t y  parameters  i n  
l a k e s ,  r e s e r v o i r s ,  and streams throughout t h e  reg ion  
i n d i c a t e s  a  wide range o f  concen t ra t ion ,  both  i n  space 
and time. Furthermore, t h e  q u a l i t y  cannot  be r e a d i l y  
p r e d i c t e d  from one a r e a  t o  another  o r ,  f o r  t h a t  ma t t e r ,  
from one impoundment t o  t h e  n e x t  i n  t h e  same mine. 
Consequently, a  d e t a i l e d  r e g i o n a l  a n a l y s i s  o f  wa te r  
q u a l i t y  cannot  be adequa te ly  accomplished wi thout  a  
monumental budget. 1 
The i r  s tudy  was t o  e v a l u a t e  t h e  s u i t a b i l i t y  o f  us ing  EKTS 
computer compatible  t a p e s  (CCT) f o r  automat ic  mapping. The pro-  
cedure was t o  u s e  "computer t a r g e t  ' s p e c t r a l  r e c o g n i t i o n '  tech-  
niques a s  a  b a s i s  f o r  c l a s s i f i c a t i o n , "  Using numerous samples o f  
t h e  va r ious  c a t e g o r i e s  of  images t h e  computer was t o  i d e n t i f y ,  a  
l ~ o b e r t  H. Rogers, Larry  E. Reed, Wayne A. Pe t ty john ;  "Automated 
Strip-Mine and Reclamation Mapping from ERTS." pp. 1-3. 
numerical descr ip t ion  o r  "cannonical ana lys i s "  program was 
devised whereby the  c h a r a c t e r i s t i c s  t o  be monitored were assigned 
a s e t  of "cannonical coe f f i c i en t s . "  After  much t r i a l ,  t he  
system was re f ined  t o  a po in t  where it produced r e s u l t s  with a 
cons i s ten t  accuracy of 97%. 
Among the  it&ms the  computer could i d e n t i f y ,  were 
s t r ipped  ea r th ,  water with sedimentation, p a r t i a l l y  reclaimed 
ea r th ,  vegeta t ion,  and water without sedimentatior,. From the  
computer a f a l s e  color  image could a l s o  be obtained which would 
give a v i s u a l  represen ta t ion  of t he  c h a r a c t e r i s t i c s  i d e n t i f i e d  
i n  a s p e c i f i c  t e s t  s i t e ,  and a percentage of each c h a r a c t e r i s t i c  
i n  t h e  area  was a l s o  rendered. The r epo r t  concluded t h a t  t he  
use of t he  ERTS C C T ' s  was an accurate ,  rapid  and comparatively 
inexpensive method of obta ining data  on sur face  mining and t h a t  
it was a marked improvement over techniques presen t ly  i n  use. 
Using f a r  l e s s  sophis t ica ted  and cos t ly  methods, Ambionics 
obtained s imi l a r  r e s u l t s  which would tend t o  subs t an t i a t e  many 
of t he  f indings  made by Rogers, Reed, and Pettyjohn. Our pro- 
cedure was t o  s e l e c t  a  s p e c i f i c  area  of our t e s t  s i t e  and have 
a l l  known s t r i p  mines i n  it out l ined  on 7.5 minute topographic 
maps by the  s t a t e  au tho r i t i e s .  W e  then took these  maps t o  our  
o r f i c e  and p laced them on a wa l l .  Taking a 70mm nega t ive  of 
an ERTS image of t h e  tes t  s i t e ,  w e  trimmed it t o  f i t  a 35mm 
s l i d e  frame and then p r o j e c t e d  t h i s  s l i d e  a g a i n s t  t h e  maps on 
t h e  w a l i  wi th  a s t andard  Kodak s l i d e  p roaec to r .  When t h e  images 
were a l igned  and c o r r e l a t e d  w e  p l a c e  a sheet o f  c l e a r  a c e t a t e  
over  t h e  maps and proceeded t o  o u t l i n e  a l l  shadows on t h e  ERTS 
p r o j e c t i o n  which p r i o r  s t u d y  had l e d  us t o  b e l i e v e  w e r e  s t r i p  
mines. A f t e r  t h i s  was completed, t h e  r e s u l t s  w e r e  v e r i f i e d  by 
near  in f ra - red  a i r c r a f t  photos t aken  o f  t h e  a rea .  W e  found t h a t  
w e  were a b l e  t o  d e t e c t  wa te r ,  s t r i p  mined a r e a s ,  and o l d  s t r i p  
mine s i t e s  i n  varying s t a g e s  o f  regrowth. Me.n our  o u t l i n e  o f  
s t r i p  mined a r e a s  was compared wi th  t h a t  provided f o r  u s  b y  t h e  
s tate  a u t h o r i t i e s ,  it showed t h a t  t h e y  had f a i l e d  t o  i n d i c a t e  
over  75% o f  t h e  s t r i p  mines i n  t h e  a r e a ,  and t h e  s t r i p  mines 
they  d i d  i d e n t i f y ,  were f r e q u e n t l y  mis located  o r  i n c o r r e c t l y  
s i z e d .  
This  method devised  by Ambionics appears  t o  be a s imple,  
extremely inexpensive,  and reasonably  a c c u r a t e  method o f  monitor- 
ing s t r i p  mine a c t i v i t y  and regrowth o r  rec lamat ion  e f f o r t s ,  I t  
would be o f  u s e  t o  any agency involved i n  monitoring s t r i p  mine 
progress  and could be implemented w i t h  a minimum o f  funds and 
equipment, and adminis tered  by non-professional  personnel ,  
5. DEMONSTRATION PROGRAM PLAN 
Based upon t h e  r e s u l t s  of our e f f o r t s  i n  t h i s  p ro j ec t ,  we presen t  
a plan f o r  a program t o  demonstrate i n  a quas i  opera t iona l  mode 
the  u t i l i z a t i o n  of  combined remote sensing and sur face  monitoring 
of coa l  mine po l lu t ion .  A suggested demonstration s i t e  w i l l  
include the  Upper Potomac Basin he re in  described and, i n  addi t ion ,  
t h e  Tygart River Basin i n  West Virginia .  
understanding the  r o l e s  of  s a t e l l i t e s ,  a i r c r a f t ,  and the  
human in t e r f ace  a t  widely var ied and reoccurring l e v e l s  i s  of 
primary importance. 
In def in ing  these  r e l a t i onsh ips  a s  wel l  a s  t he  r o l e  of  
each o f  t he  t h ree  major da ta  gather ing sources,  Ambionics w i l l  
demonstrate a more o rde r ly  and economical monitoring system than 
presen t ly  e x i s t s .  
To demonstrate t h e  r o l e  of  t h e  ERTS progran i n  mine 
po l lu t ion  abatement, i nves t iga to r s  should recognize t h e  p r inc ipa l  
funct ional  s t eps  i n  any abatement undertaking f o r  comparisons i n  
cos t s ,  accuracy, spac i a l  and un i t  coverage. 
These s t eps  might be labeled:  
1. Search 
2 .  Monitor 
3. Train (Se l ec t )  
4. Treat  ( ~ e c l a m a t  ion) 
5. Recheck 
Remote sensing is involvad in steps 1, 2 and 5. 
Planning and action are represented in steps 3 and 4. The 
tentative sequential procedure recommended is as follows: 
1. SEARCH - Surface mining activities are most readily 
observed and measwed on satellite imagery. An economical 
method was developed by Ambionics and described in Chapter 7 
cf the Six Month Report, Stripping operations, while offensive 
to the eye produce relatively little water pollution, but serve 
a major important function; numerous, and often extensive, 
surface mining operations are indicative of total (surface and 
subsurface) coal mining act.ivities active and abandoned. The 
SEARCH state is primarily involved with areas of past and present 
mining activities. 
The Preliminary Step is to establish in each area under 
investigation a "norm" on the ERTS imagery and, where possible, 
the CCT's, These "norms" should be established for each season 
and the following should be checked. 
Water Color 
Stream Size 
Land Use Boundaries 
Industrial Wastes 
Evidence of Coal Mining Activities 
(Tailings, Surface Operations, etc, ) 
Overlays are then prepared for these images (at a suggested 
scale of at least 1:250,000) representing each seasonal normal 
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appearance. "Normal" i s  based on r ecen t ly  accumulated da ta  
compared t o  a t  l e a s t  f i v e  years accumulated and averaged da t a  
co l l ec t ed  by present  methods. I n  most cases ,  t he  ERTS da t a  
should be co r r e lh t ed  with a i r c r a f t  and o ther  sources of data .  
These overlays w i l l  s e rve  a s  t he  "base" maps f o r  
comgarison purposes with maps derived from subsequent ERTS 
passages. Changes i n  s i z e  and shape of s p e c i f i c  c r i t i c a l  
s igna tures  may be quickly  noted. 
2. MONITORING - S l i g h t  changes i n  mine drainage volume o r  
a c i d i t y  cannot be observed on ERTS images, but t h e i r  e f f e c t s  
should be minimal. Any change noted on the  space imagery i s  
l a r g e  enough t o  warrant inves t iga t ion .  
A i r c r a f t  photography represents  t h e  " f ine  tuning" i n  
t he  search f o r  mine drainage po l lu t ion  and should be under- 
taken a t  l e a s t  four times pe r  year (once each season) .  The 
time of f l i g h t  should be es tab l i shed  t o  coincide with s a t e l l i t e  
passes. Should high cloud cover preclude ana lys i s  fo r  ERTS 
imagery, it is s t i l l  poss ib le  t o  r e l a t e  a i r c r a f t  coverage wi th  
f i e l d  samples. 
Instrumentation should include mul t i spec t ra l  scanner 
and four-camera Hasselblad equipment as  wel l  a s  o the r  sensors  
which may be ava i lab le .  
o l l c  oL t t l o  ~ r ~ a j o r  advantilyes o f  a i r c r a f t  photography, 
p a r t i c u l a r l y  i f  c o l o r  i n f r a r e d  imagery i s  employed, i s  t h a t  
smal le r  s t reams (e.g.Braddock Creek o u t s i d e  o f  Cumberland, 
Maryland) can be observed and s t u d i e d  and evidence o f  s t r i p  
mine p o l l u t i o n  can be observed i n  season,  which can be  
monitored f o r  d u r a b i l i t y  a s  w e l l  a s  i n t e n s i t y ,  
NOTE: Changes a r e  t h e  prime i t e m  o f  i n t e r e s t ,  when ana lyz ing  
-
ERTS o r  a i r c r a f t  images. These may be due t o  e i t h e r  e x t r a c t i o n  
o r  r e c l a m a t i m  e f f o r t s  o r  breaking down o f  p r e v e n t i v e  measures. 
3 .  TRAIN ( s e l e c t )  - Based on d a t a  ob ta ined  i n  s t e p s  1 and 2 ,  
p r i o r i t y  a r e a s  f o r  rec lamat ion  work w i l l  be def ined.  Fac to r s  
involved should  i n c l u d e  demographic, s o c i o l o g i c a l ,  and economic 
i n f l u e n c e s ,  For example: In  W e s t  V i rg in ia ,  c o a l  mine o p e r a t i o n s  
a r e  recognized a s  a primary c a p i t a l  r e source  a s  w e l l  a s  a source  
of  employment. This  w i l l  i n f l u e n c e  t h a t  S t a t e ' s  p lanning f o r  
reclamation.  
Conversely, a c r o s s  t h e  Potomac River ,  t h e  Maryland 
Department of Water Resources no t  on ly  must monitor mine 
p o l l u t i o n  and e v a l u a t e  t h e  meaning o f  i t s  f ind ings  (12 
parameters  - s e e  Char t  No.  1) b u t  m u s t  make d e c i s i o n s  a s  t o  
whether new mining o p e r a t i o n s  can be inaugura ted  and o l d  ones 
may cont inue .  The Maryland probleri~ h a s  been compounded by 
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tl:c fact; t h a t  ~ ; n d e r  new r e g u l a t i o n s ,  sampling and a n a l y s i s  
m u s t  Le accomplished once p e r  month. 
west Virginia's sampling i s  i r r e g u l a r  wi th  a goa l  of  
once every  G weeks. 
4. - TREAT (Reclama,tion) - The previous  f u n c t i o n a l  s t e p  repre-  
sen ted  t h e  decision-making process .  This  inc ludes  grading,  
resodding and r e p l a n t i n g  s t r i p p e d  a r e a s ;  s e a l i n g  o r  r e s e a l i n g  
abandoned mines; and i n s t a l l a t i o n  of  t r ea tment  p rocess ing  a t  
a c t i v e  mines. The u t i l i z a t i o n  of  remote s e r v i c e s  ( s t e p s  1-3)  
enab les  a comprehensive approach t o  r e c l a m a t ~ o n  over  e n t i r e  
d ra inage  bas ins  wi th  t h e  same personnel  and t i m e  p r e v i o u s l y  
involved and provides  assurance  t h a t  t h e  important  t a r g e t s  a r e  
n o t  be ing bypassed f o r  l e s s e r  p o l l u t i o n  sources .  
5. RECHECK - Reclamation of  s u r f a c e  mines can be q u i c k l y  
observed a t  minimal c o s t  every  few months by v i s u a l  examination 
of  ERTS imagery. A i r c r a f t  w i l l  probably be  necessary  t o  check 
abatement of  p o l l u t i o n  o r i g i n a t i n g  a t  subsur face  c o a l  mines. 
Actual  s u r v e i l l a n c e  c o s t s  w i l l  be  monitored and e s t i m a t e s  made 
f o r  c o s t s  needed i n  an o p e r a t i o n a l  system. 
Presen t  c u s t  f i g u r e s  were s p a r s e  from West V i r g i n i a ,  
b u t  it was i n t e r e s t i n g  t h a t  t h e  average  f i e l d  t r i p  f o r  sampling 
i n  t h a t  s t a t e  c o n s i s t e d  of  a 100-mile round t r i p  and covered 5 
-13- 
I i c J d  : ; t c l t . i o l l : ; .  Morc cornplcte P iyures  were o i j ta ined  f o r  t11r: 
SLate  o f  Maryland w i t h i n  t h e  T e s t  S i t e .  I 
5 
TO check t h e  12 pa rame te r s  o f  each s t a t i o n  (see Char t  !do. 1) :  . , 
P r o f e s s i o n a l  s a l a r i e s  @ $20.00/hr  2 h r s  20 min $47.00 > 
;I 
T r a n s p o r t a t i o n  (30 m i  a v )  @ $3.6C/hr 2 h r s  7.21'1 
~ l e r t c a l  @ $4.30/hr 30 min 2.15 
Sub T o t a l :  4  h r s  30 min S56.35 
Grab Sampie : I )  $3,60/hr 1 0  min .60 
Read Guaye 5 j  $3.GO/hr 1 0  min .50 
S tudy  Iiatc o f  Flow 3 $3.60/hr 40  min ? - ..!O 
Sub T o t a l :  60 min $ 3.60 
TOTAL : 5  h-s 30 min $60.35 
The second s u b - t o t a l  may ' a  d u p l i c a t i o n  w i t h i n  t h e  
h o u r l y  f i g u r e s  g iven  i n  t h e  f i r s t  s u b - t o t a l .  Time j.s a s  much 
a f a c t o r  a s  moriey. I n  Yaryland, t h e r e  a r e  a t  p r e s e n t  45 
checking  s t a t i o n s  i n  G a r r e t t  and Allegheny c o u n t i e s  ( T e s t  S i t e ) ,  
w h i l e  i n  t h e  West V i r g i n i a  p a r t  o f  t h e  T e s t  S i t e  a  maximum of  18  
check ing  s t a t i o n s  e x i s t ,  many o f  which a r e  n o t  v i s i t e d  r e g u l a r l y .  
Average f i e l d  t i m e  p e r  sampling station is f o u r  and one- 
h a l f  hours  (based  on Maryland f i g u r e s  ) under  p r e s e n t  c o n d i t i o n % .  
With i t s  p r e s e n t  r e s o u r c e s ,  on t h e  o c c a s i o n s  wher, ,a:& s t a t i o n s  
a r e  t o  be checked, t h r e e  t o  f i v e  ?-man crews spend a n  e n t i r e  
week i n  t h e  f i e l d .  
Only two nlcn c o n s t i t u t e  t h e  e n t i r e  f i e l d  team on t b e  
Upper Potomac i n  West V i r g i n i a .  
' Y l ~ c  1:1<'1':; : , aLc lJ i t c  11cr:i severa l  unique cl tari lctcrisl icri  
inzludiny vas t  s p a t i a l  coverage and a spectrum of sensing 
devices o f f e r ing  coverage from blue-green i n t o  t h e  near- infrared,  
but  it has one unique value which both the  f i e l d  work and the  
a e r i a l  photography should u t i l i z e  -- r egu la r i t y .  Every 18 days, 
the  s a t e l l i t e  automat ical ly  records images over t he  same area .  
The s a t e l l i t e  should serve a s  the  "time clock" f o r  a l l  monitoring. 
Schedules of i i s  passage should be submitted t o  a l l  s t a t e  and 
federal  personnel responsible f o r  sampling and ana lys i s  of 
water and o ther  environmental s tud i e s  i n  t he  a f f ec t ed  a reas ,  
enabling f i e l d  work t o  be scheduled ahead without inconvenience. 
The importance of t h i s ,  economically, cannot be over- 
s ta ted .  I f  t he  S c i e n t i s t  o r  F i e ld  Technician.11as higher  
p r i o r i t i e s  on h i s  time on the  ERTS passage da te ,  he can s t i l i  
s t a y  within seasonal  l i m i t s  by recognizing a delay of only 18 
days. Conversely, i f  only one sampling pe r  season i s  des i red ,  
o r  deemed e s s e n t i a l ,  a  sampling coupled with  imagery, a s  a 
corroborative source, present: weight ier  evidence than now 
e x i s t s  on behalf of the  profess iona l  (e,g., O.J, Lind, 
University of Vermont - Studies  of Po l lu t ion  Across t h e  Lake 
Champlain Drainage  asi in). Inclement weather is  reduced a s  
a Eactor both from the  standpoint  of cloud cover and t rans-  
portatioxl. A i r c r a f t  f l i g h t s  can be scheduled automat ical ly  
under t h i s  system. Mechanical d i f f i c u l t i e s  a r e  not "ca tas t rophic"  
s ince  rescheduling can be s e t  f o r  18 days hence. 
Within t he  t e s t  s i t e ,  mine po l lu t ion  personnel have 
been n o t i f i e d  by EPA of when ERTS i s  passing over. I n  West 
Virginia ,  stream sampling has a l ready begun on the  days of 
ERTS passage i n  May 1974. Discussions wi th  t h s se  s c i e n t i s t s  
have, fo r  t he  present ,  d i sc losed  two f ac to r s :  
1. Per iodic  stream checks have l a r g e l y  broken down 
because of t h e  press  of  o t h e r  du t i e s .  
2 .  Conscientious s t a t e  personnel have welcomed t h e  
s a t e l l i t e  a s  t he  "time clock" and have begun sampling i n  
May 1974 on the  da tes  of ERTS-1 passage even i n  cloudy weather. 
I n  d iscuss ion with Ambionics, Inc., they f e e l  t h a t  i f  weather 
i s  unsui table  t o  ground observers on t h e  day f i e l d  da ta  is  
taken, they know they can do t h i s  again wi thin  t h ree  weeks. 
I n  summation, Ambionics recommends t h e  following: 
1. The techniques developed i n  t h e  work on the  Upper 
P:~tomac be ref ined.  Foremost among those  a r e  a c l e a r  under- 
s tanding of land use for th ree  major reasons. 
( a )  comprehension of what i s  observed i n  
terms of shape, s i z e ,  tone o r  co lor  t e x t u r e  
and loca t ion  on both ERTS and a i r c r a f t  images 
and knowledge of what i s  a c t u a l l y  present  a t  
t h a t  loca t ion .  The coordinates  have a l ready 
been de l inea ted  on ERTS-1 imagery (1:100,000) 
over most of both the  presen t  t e s t  area  and 
suggested demonstration s i t e .  
( b )  The physical  r e l a t i onsh ips  o r  lack of 
then1 between management of t he  land and sur face  
and subsurface coa l  mining p a s t  and present .  
Obvious land use ca tegor ies  w i l l  be mapped 
p r i o r  t o  going i n t o  t h e  f i e l d  employing 
s a t e l l i t e  and a i r c r a f t  imagery. 
A p r i o r i  des ignat ions  w i l l  be a s s i g ~ e d  t o  these  
- 
areas  on the  map p r i o r  t o  going i n t o  t he  f i e l d .  
( c )  Recent land use naps of t h e  a r ea  a r e  e i t h e r  
non-existent o r  u n s a t i s f a c t o r i l y  d e f i n i t i v e .  
2. Areas of uncer ta in  d e f i n i t i o n  w i l l  be annotated 
Tor v i s i t i n g  i n  t h e  f i e l d ,  and o the r  a r eas ,  previously def ined,  
w i l l  be  marked f o r  personal  checks t o  v a l i d a t e  o f f i c e  
i .den t i f i ca t ion .  
3 .  A l a r g e  p a r t  of t h e  program, of necess i ty ,  w i l l  
be devoted t o  photo i n t e r p r e t a t i o n .  
Photo interpreters will visually study, map, and isolate 
simultaneously with land use : 
(a) known (or indicated) polluted mine waters 
and land areas from images. 
(b) surface mines and resodding and planting operations. 
(c) cha,lges in the surface mines observed throurjll 
sequential ERTS images. These changes will be 
recorded in two ways--the method described in 
Chapter VIII in the Six Month Report and a photo 
lab technique employing color comparisons where 
the difference between the old and new strip mine 
boundaries reveals itself as a new color readily 
observed. These areas will be measured and totaled 
to determine tile direction rate and extent of operations. 
4. Image processing and various interpretation tecliniques 
will be employed experimentally to analyze aquatic and suspected 
terrestrial environments to enhance chemical compounds associated 
with coal mine pollution. These methods will also be employed 
in pollution source location and pollution dispersal patterns. 
5, For the purpose of checking interpretive results in 
conjunction with periodic field trips, state and federal 
personnel will be interviewed on the currency and type of existing 
records. 
Ground photography will be employed i n  a r eas  where records 
a r e  cur ren t .  
6. Various processes with a i r c r a f t  and ERTS images 
w i l l  be t r i e d  and compared t o  water  sample analyses made on 
t h e  corresponding date .  Attempts w i l l  be made t o  check co lors  
(hue, i n t e n s i t y ,  and br igh tness )  e spec i a l l y  with: 
Tota l  a c i d i t y  
PH 
I ron  compounds. 
T h i s  w i l l  be done v i s u a l l y  u t i l i z i n g  standard i n t e r p r e t a t i o n  
processes. On occasion it may be necessary t o  ob ta in  computer 
ana lys i s .  
6. RESULTS AND CONCLUSIONS 
Examination of both a i r c r a f t  and s a t e l l i t e  imagery indicated 
a  number of  f ac to r s  and r e l a t i onsh ips ,  Before at tempting t o  
s o r t  them out ,  they included: 
1. Most of the  sur face  mining observed was on the  
Maryland s i d e  o f  t h e  Potomac, although it was prevalent  
on both banks. 
2. A l l  a c t i v e  subsurface mines a r e  located on the  west 
Virginia  s ide .  
3. Pol luted water, untreated and t r e a t e d  was showing 
up around t h e  North Branch Mine a t  Bayard, West Virginia  
i n  varying shades of  green on the  color  infra-red a e r i a l  
photography. 
4. No vege ta t ive  stress, o the r  than human c l ea r ing  
a c t i v i t i e s ,  is  apparent f o r  t he  season during which 
imagery had been obtained. 
5. The e n t i r e  area  is sparse ly  s e t t l e d .  
6. Only one major indus t ry  is d i r e c t l y  on the  upper 
Potomac : (WESTVACO) a t Luke, Maryland. 
Obviously, t h e  "green water"  r e p r e s e n t s  s i g n i f i c a n c e .  
S ince  "green" appears  on a i r c r a f t  imagery where water  i s  known 
t o  con ta in  mine p o l l u t i o n ,  by e x t r a p o l a t i o n ,  one might t e n t a -  
t i v e l y  assume t h a t  any stream o r  impoundment showing g reen i sh  
hues c o n t a i n s  p o l l u t i o n .  
Three members o f  t h e  Ambionics s t a f f  went over  a l l  o f  
t h e  a e r i a l  photography ( f a l s e  c o l o r  i n f r a - r e d ) ,  scenes 1-70 of  
t h e  August 10, 1974 f l i g h t  and l o c a t e d  and recorded a l l  s t reams,  
impoundments, and o t h e r  a r e a s  where t h e s e  hues could be seen.  
An e x t e n s i v e  c r o s s  r e f e r e n c e  between t h i s  informat ion  and f i e l d  
sampling records  showed a v e r y  c l o s e  c o r r e l a t i o n  between t h e  
"green s t r e a k "  and wa te r s  p o l l u t e d  by a c i d  mine dra inage .  
A i r c r a f t  d a t a  taken on March 15, 1974 showed t h e  same i n d i c a t o r  
i n  a l l  p r e v i o u s l y  i d e n t i f i e d  s t reams except  t h e  Stony River ,  
S i g n i f i c a n t l y ,  t h e  Mount Storm power planti and c o a l  mines had 
been s h u t  down f o r  s e v e r a l  months a t  t h a t  t i m e  because o f  a f i r e  
i n  t h e  conveyor. 
Anbionics personnel  went i n t o  t h e  f i e l d  t o  observe  and 
photograph on t h e  ground a r e a s  known and suspec ted  t o  be p o l l u t e d  
a f t e r  examination o f  t h e  a e r i a l  photography. We v i s i t e d  Laure l  
Run i n  G a r r e t t  County, Maryland. This steeam f:ows through woods 
and farms ~t an a l t i t u d e  of between 2500-3000 f e e t  and is 
sub jec t  t o  no inf luencing f ac to r s  except mine wastes which 
apparently flow from a  break-out o f  a  sealed mine of unknown 
locat ion.  
While t h e  stream i s  vermil l ion colored on the  f a l s e -  
color  infra-red,  i n  t h e  f i e l d  t h e r e  i s  hardly  any co lor  t o  t he  
c l e a r  waters. I ron p r e c i p i t a t e  coat ing the  bed of Laurel Run 
gives a  yellow t o  f a i n t  pink t i n t .  No vege ta t ive  s t r e s s  i s  
v i s i b l e ,  nor was any stress r e a d i l y  v i s i b l e  elsewhere. 
A t  t h e  North Branch Mine a t  Bayard the  green co lo r  i n  
t he  holding pools and treatment tank in  t h e  infra-red t rans-  
* 
parencies i s  i n  r e a l i t y  b r i g h t  orange t o  t h e  observer on t h e  
ground. 
Stony ~ i v e r ,  West Virginia  appears as  a brownish, r a t h e r  
t u rb id  stream near Route 50. 
A l l  t h r e e  a r eas  a r e  green on the  infra-red film. A l l  
t h r ee  contain  ac id  po l lu t ion .  Pat terson Creek, used a s  a  con t ro l  
i n  t h i s  program, flows through the  test s i te  and i s  known not 
t o  be sub jec t  t o  mine drainage. Examination of t h e  a i r c r a f t  
imagery shows no t r a c e  o f  vermil l ion water and the  stream sampling 
done f o r  Ambionics a t  t h e  time of f l i g h t  i nd i ca t e s  no evidence of 
mine degradation. 
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The reason f o r  t h e  green response i s  no t  known, al though 
s e v e r a l  t h e o r i e s  have been advanced. Two o f  t h e  t h e o r i e s  maintain 
t h a t  t h e  green c o l o r  i s  a  r e s u l t  of  i r o n  compounds i n  t h e  water ,  
whether c a r r i e d  a c t i v e l y  by t h e  s t ream o r  p r e c i p i t a b e d  on i t s  
bottom. The f i r s t  theory  h o l d s  t h a t  t h e  a c t i v e  i n g r e d i e n t  i s  
i r o n  oxide ,  which i s  found i n  abundance i n  a t  l e a s t  one o f  t h e  
streams (Laure l  Run). The q u e s t i o n  h e r e  i s  t h a t  i f  t h e  cause 
of  t h e  green response i s  i r o n  oxide ,  then  t h e  green c o l o r  on 
near  in f ra - red  would n o t  n e c e s s a r i l y  be an i n d i c a t o r  o f  a c i d  
mine d ra inage ,  f o r  some streams i n  t h e  a rea  which a r e  n o t  pol -  
l u t e d  by mine d ra inage  o r  o t h e r  f a c t o r s  a r e  r edd i sh  i n  c o l o r  and 
have bottoms coa ted  w i t h  i r o n  oxide. The second theory  ho lds  
t h a t  t h e  c o l o r  i s  a  response t o  t h e  presence  o f  "yellow boy" 
on t h e  s tream bottoms. I f  t h i s  were t o  be  t h e  case ,  then  t h e  
green c o l o r  would most a s s u r e d l y  be an  i n d i c a t o r  o f  mine a c i d  
p o l l u t i o n  alone.  
A t h i r d  theory  h a s  been e x t r a p o l a t e d  from work on t h e  
s u b j e c t  by C a r l  H. Strandberg.  I t  maintains t h a t  t h e  green c o l o r  
i s  an i n d i c a t i o n  of an  extremely low b i o l o g i c a l  oxygen demand 
(B.O.D.) which results from t h e  u t i l i z a t i o n  o f  most o f  t h e  w a t e r ' s  
a v a i l a b l e  oxygen by t h e  mine p o l l u t i o n  t o  form s u l f u r i c  a c i d  
- 6 3 -  
(H2S04). Under such condit ions of low p H  and low ava i l ab l e  
oxygen, few organisms can survive. Among those t h a t  can a r e  
c e r t a i n  a$gae (of t h e  genue Ulothr ix)  and s p e c i f i c  forms of 
bac t e r i a  which a r e  assoc ia ted  wi th  t he  Ulothrix a lgaes  and with 
deep mines. Obviously, i f  t h i s  theory were t r u e ,  then it would 
show the  green near  infra-red response t o  be an ind i ca to r  of 
mine aoid po l lu t ion  a l so .  I t  i s  s i g n i f i c a n t  t o  note  t h a t  t h i s  
theory would account fo r  t h e  occurrence of t h e  green co lor  
observed on the  August 10, 1973 a e r i a l s  of Stony River, a  stream 
of some depth which might not  r e g i s t e r  the  co lor  of i t s  bottom 
on a e r i a l  photographs. Surely  fu r the r  study on the  matter  i s  
warranted. 
With respec t  t o  ERTS-1 images, Ambionics personnel have 
located both Laurel Run and the  mine a t  Bayard, West Virginia  
through v i sua l  examination but  have not  found any constant  
ind ica tors  f o r  po l lu t ion  i n  t h e  f i e l d .  
ERTS-1 computer compatible tapes  taken on May 1974 
were examined a t  IBM under a NASA Langley Research Center con t rac t .  
E a r l i e r  examination of  70mm "chips" were t r i e d  wi th  t h e  I*S 
add i t i ve  co lor  equipment but  with no success. The GE Image-100 
system was experimented with using o the r  tapes  (not  of t h e  t e s t  
s i t e ) .  Th i s  method shows promise f o r  t h e  fu ture ,  but  e lec -  
t r o n i c  breakdowns and lack of ava i l ab l e  time preclude i t s  
a v a i l a b i l i t y  fo r  t h i s  contract .  
In  conclusion, we have achieved t h i s  much. We have 
concluded t h a t  t he  combined approach o f  ERTS imagery, corres-  
ponding a i r c r a f t  photography, and ground study a r e  needed f o r  
an e f f e c t i v e  program of  continuous mine ac id  po l lu t ion  monitor- 
ing. We have developed a method of de tec t ing  mine ac id  po l lu ted  
water (o r  streams with a high p robab i l i t y  of such po l lu t ion )  
from a i r c r a f t  imagery. We have developed an inexpensive and 
accurate  mealla of monitoring s t r i p  mine a c t i v i t i e s  which i s  
markedly super ior  t o  present  methods now i n  u s e  bp t h e  West 
Vi rg in ia  S t a t e  au tho r i t i e s .  While we expect f u r t h e r  f indings  
and refinements, we f e e l  con£ iden t  enough i n  our present  ana lys i s  
techniques t o  undertake an extended study i n  an enlarged t e s t  area .  
Spec i f i ca l ly ,  w e  f e e l  t h a t  tlne next  l o g i c a l  s t e p  would 
be t o  extend our study t o  t he  Ohio River Drainage Basin. 
There a r e  t h ree  da t a  gather ing methods used i n  t h i s  
monitoring program -- ground-based sampling crews, a i r c r a f t ,  
and t h e  ERTS s a t e l l i t e .  Each by i t s e l f  has i t s  advantages and 
disadvantages. 
Optinrum use of these  complementing each o the r  can 
minimize cos t s  and increase  t he  monitoring e f fec t iveness .  
The ground-based e f f o r t  provides t he  g r e a t e s t  accuracy 
i n  determining what i s  a c t u a l l y  present  a t  a p a r t i c u l a r  spot  
a t  the  time of sampling and ana lys i s .  The problem i s  i n a t  
ground data  cannot be r ead i ly  obtained over l a rge  a reas  wi thin  
a shor t  time add environmental r e l a t i onsh ips  a r e  d i f f i c u l t  t o  
observe f o r  a p a r t i c u l a r  time period without l a r g e  expensive 
s t a f f s .  
Use of a i r c r a f t  provides a remote sensing platform 
and usual ly  s u f f i c i e n t  d e t a i l  so  t h a t  ground-based f indings  
can be extrapolated without d i f f i c u l t y .  A s  s c a l e  g e t s  smal ler ,  
t he  a rea  sensed increases  bu t  d e t a i l  is l o s t .  Dis tor t ion  
increases  from the  cen te r  t o  the  ou te r  edge of a e r i a l  imagery 
which i s  a disadvantage where prec i s ion  measurements a r e  
important. 
The cos t  of  a i r c r a f t  monitoring is  considered too high 
f o r  regular  coverage over extended areas .  
ERTS has the  advantage of regul-ar coverage (every 18 
days) over l a r g e  a reas  (110 miles by 110 mi les ) .  The cos t  f o r  
t h i s  data  is minimal. Resolution i s  much l e s s  than t h a t  of  
a i r c r a f t  photography (approximately 50-75 meters)  w i t h  accom- 
panying l o s s  o f  d e t a i l .  Changes can be observed i n  shapes ,  
s i z e s  and/or c o l o r s ,  which can be r e l a t e d  t o  s u r f a c e  phenomena. 
This  information can be r e a d i l y  v e r i f i e d  by a i r c r a f t  and/or 
ground crews, thus ,  a l lowing more e f f i c i e n t  and e f f e c t i v e  
u t i l i z a t i o n  of  t h e s e  resources .  For example, changes i n  s t r i p  
mine and reclamation a c t i v i t i e s  show up r e a d i l y  on t h e  ERTS 
image (Figure  7 ) .  
The techniques  ddveloped under t h i s  c o n t r a c t  should 
be r e f i n e d  in t h e  North Branch test  s i t e  - s p e c i f i c a l l y ,  a 
b e t t e r  understanding o f  t h e  c a u s a l  r e l a t i o n s h i p  between t h e  
"green s t r e a k "  and mine p o l l u t i o n  should be inves t iga t .? ,? .  I n  
a d d i t i o n ,  we recommend t h a t  a demonstrat ion program be performed 
using t h e  techniques h e r e i n  developed i n  t h e  Tygart Va l l ey  River 
i n  t h e  Ohio dra inaqe  bas in .  This  s t ream has ex tens ive  mine 
p o l l u t i o n  and d r a i n s  an  a r e a  s i g n i f i c a n t l y  d i f f e r e n t  i n  physio- 
graphy and ecology from t h e  p r e s e n t  tes t  s i te .  
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